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Foreivord 


I am very pleased to write a Foreword to this instructive and very 
practical book because I feel it is a book which should interest not only students 
but also surgeons who participate in the teaching of anatomy and surgery. It 
is far more fascinating and realistic to teach from specimens made from the 
human body than from illustrations or drawings. 

I have watched Dr. Tompsett’s work over many years especially during 
those years when I was President of the Royal College of Surgeons and was 
constantly in all departments of the College. I feel that the author of this 
book has followed the true Hunterian tradition and has brought forward 
ways and means of displaying anatomical detail in a way which is quite 
unique and deserves much credit. 

In my opinion this is one of the really useful books for the student 
anatomist and surgeon alike. The College of Surgeons may well be proud 
of this work which has emanated from within its walls. It is clearly written, 
lavishly illustrated and should prove invalu.ible to all who arc interested in 
the hu«\a.tt body. 



Preface 


The majority of the specimens in anatomy museums have been prepared 
by medical students or lecturers, who do this work, partly because they Bnd 
it satisfying, and partly because there is a pressing need for the specimens 
for teaching purposes. But they have to do it in their spare time, apart 
from the real business of their lives. 

I have written this book primarily to help such part-time workers, since, 
as a professional prosector, I have been able for ten years to devote all my 
energy to the perfection of the art of dissection, and the development of 
various techniques. 

Some people have been surprised that my qualifications do not include 
a medical degree. But as the latter involves specialisation in a narrow field, 
1 am sure that my actual qualifications, vt^., a general science degree in 
Chemistry, Botany and Zoology, a Ph.D. in Zoology and a Diploma of Educa- 
tion (and also a year’s preliminary training in Engineering, which has proved 
very useful on occasions) have formed a broader and generally sounder basis 
for my subsequent work llian would have been provided by only a medical 
qualification. 

A lack of detailed knowledge of human anatomy is no handicap to 
the production of accurate preparations; indeed in many cases it proves an 
actual advantage, in that the dissection cannot be modelled on preconceived 
ideas. The essential qualifications for this type of work arc general aptitude 
and sustained interest. Although patience is also necessary, this is only 
a form of self-discipline, which f for one have found exceedingly difficult to 
acquire, being by temperament a very impatient person. 

The techniques described in ibis volume arc limited to those concerned 
with the preparation of museum specimens of human anatomy, of which I 
have had intimate practjc.il e.xpcricncc. They can however be adapted for 
making preparations to illustrate comparative vertebrate anatomy. For work 
on invertebrates consi<!cr3blc modifications of technique arc sometimes 
necessary. 

D. H. ToMt'SETT. 

I.OMJOS, 105^ 
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Historical Introduction 

It is obviously impossible in this brief survey to do more than give 
passing reference to the more outstanding of those who did pioneer work in 
the field of anatomical investigation and paved the way for the establishment 
of the modern anatomical museum. 

The history of the preservation and preparation of anatomical specimens 
is inevitably linked with the history of the study of anatomy itself. In the 
six hundred years from 400 B.C. to 200 A.D. knowledge of the internal 
structure of the human body had reached an advanced stage, thanks to the 
investigations of Hippocrates, Celsus and Galen and their pupils. After the 
decline of the Roman Empire, however, the study of anatomy and, indeed, 
of many other branches of learning ceased to make such progress and for over 
a thousand years scholars continued to rely on the writings of these early 
scientists, making little effort, apparently, cither to confirm their findings 
or to make appreciable additions to our knowledge. The renaissance in the 
science of anatomy may be said to have begun, therefore, with Leonardo da 
Vinci (1452-1519) who seems to have been the first to make systematic 
topographical dissections and serial sections to illustrate the structure of the 
body. This “ modern biologist in the guise of a mediaeval artist ” (F. J. Cole) 
was the first to give a representation of the cerebral ventricles by the injection of 
a solidifying substance; and he prepared a wax cast of the heart from which he 
made a glass model in order to determine the flow of blood within the organ. 

Foremost among those who at this period sought after truth and accuracy 
was Andreas Vesalius (1514-1564) who antagonised his contemporaries by 
pointing out the errors in Galen’s work. Throughout his investigations lie 
followed the principle of accepting no authority save that of his own eyes. 
His Ve Hiimani Corporis Fabrira, published in 1543, stands unique as a 
dissecting manual and textbook of anatomy both for its clarity of exposition 
and perfection in illustration. When lack of material threatened to limit 
his enquiries, he risked his life and his reputation among his colleagues by 
removing bodies from the gibbets of Montfau^on and from the graves at the 
Cemetery of the Innocents in Paris; the result was that he was able to prove 
that Galen had frequently based his observations on findings in mammals other 
than man. This same adventurous spirit moved Paracelsus (1490-1541) to 
burn publicly the works of Galen and Avicenna in flasle as a protest against 
the blind acceptance of the authenticity of antiquity. 
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Linked with this revival of learning was the awakening of interest in 
natural history and the founding of museums, but the object in view in the 
arrangement of the specimens therein seems in many cases to have been to 
create surprise rather than to afford instruction. A typical museum of this 
period was that of Robert Hubert, alias Forges, which contained “ many 
Natural Rarities, collected with great industry, cost, and thirty years’ travel 
in foreign countries.” This collection was removed to the continent during 
the Civil War but, on its return to England in 1664, was “ dayly to be seen 
at the place called the Mustek House, at the Miter, near the west end of 
St. Paul’s Church.” A few years later, part of it was purchased by the Royal 
Society and the rest by Sir Hans Sloane who also acquired the collection 
of William Charleton. Similarly the two Tradescents, at the beginning of 
the seventeenth century, built up a museum considered to be the most extensive 
in Europe, but of little scientific value for want of proper arrangement. 
This collection was bought by Elias Ashmole in 1659 and formed the basis 
of the present Ashmolean Museum. On the continent, perhaps the most 
celebrated collections were those of Ole Worm, Levinus Vincent. Theodor 
Kcrckring and Albertus Seba. 

The mediaeval museum consisted for the most part of collections of 
non-perishable objects such as shells, bones and fossils; the only anatomical 
specimens that could be included were dried and varnished viscera bearing 
little resemblance to the actual structure. It will thus be realised what an 
incalculable advance was made in museum technique by Robert Boyle’s 
experiment, carried out on William Croune's suggestion, of p^escr^’ing parts 
of. or even whole, animals in spirit. Boyle’s specimens of ‘ a linnet and a little 
snake, preserved already four months, entrails and all, without any change 
in colour, in some spirit of wine,’ placed in the repository of the Royal 
Society at Gresham College in 1663, were still in existence a hundred and 
fifty years later. This long-sought procedure for defying putrefaction did 
not mean, however, that the style of the museum immediately changed, for 
the prohibitive cost of ilic spirit and the glass containers for such ‘ wet ’ 
specimens restricted tlic numbers included in most collections. 

But the need for more lasting preparations was urgent and the possibilities 
of fixatives less cxfxrnsivc than spirit were re-cxplorcd. Boyle suggested using 
isinglass or saccarum Salurni for this purpose, but whether lie actually ma<ie 
the cx|’crimcnt is uncertain. At first, the preparation of injected s{>ccimcns 
was just a pan of tlic experimental work of the research worker and the results 
were not necessarily intended to be preserved indefinitely. Hence tlic 
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' founder of microscopical anatomy,’ is usually regarded as being the first to have 
experimented with mercury injections and in 1661 by this means he 
demonstrated the structure of the lungs. Anthony Nuck (1650-1692) was 
the first to make use of this injection medium for the lymphatic system. He 
was misled in his interpretation of his findings, however, owing to the extra- 
vasation of the injection mass, but his general description of these structures 
is one of the most complete prior to that of Paolo Mascagni (1752-1815) 
a hundred years later. 

In the eighteenth century this technique was carried to an even higher 
degree of perfection by William Hunter (1718-1783), William Hewson 
(1739-1774), William Cumberland Crmkshank (1746-1800) and William 
Sheldon (1752-1806). In his History of the Absorbent System^ published 
in 1784, Sheldon gives an excellent description of the methods of injecting 
and preparing the lacteal vessels and the instruments used for the purpose. 
In an unpublished paper, prescrs'cd at the Royal Society' and dated 1784, Joshua 
Rrookes (1761-1833) gives what may well have been the first instructions for 
the preservation of dissecting-room subjects, though Henry Cline states that 
Frank Nicholls (1699-1778) was the first to use specially prepared and 
preserved specimens in his demonstrations to medical students. John Hunter, 
typically, did not confine himself to any particular type of injection, but used 
whichever method appeared to him best to show what he required in the 
finished preparation. Many of his injected sj>ccimcns can still be seen in 
the Museum of the Royal College of Surgeons. 

The new techniques brought wntli them the necessity for devising 
instruments suitable for their operation. Rcgnicr dc Gr.aaf’s (1641-1673) 
injecting syringe w.is .a forerunner of the modern design and Casp.ar IJartholin 
(1655-1738). James Drake (1667-1707) and Alexander Monro (1697*1767) 
imprtned on litis to ensure a more continuous feed. Instruction for the 
preparation of specimens and a description of the requisite instruments is 
usually to be found in the lilcraliirc presenting the researches of the individiwl 
workers. There arc very fesv instances of hooks devoted to this subject alone. 
The Culler Analonikns of .Michael Lyscr, published in 1653, is noteworthy, 
however, as being the first general treatise on anatomical mctho<h. His 
desiderata, from which the following arc selected, arc as requisite toKlay as 
tiicy were three hundred years ago : “ Postquam corpus dclcclum esl, 

instrumenta ad operationem ncccssaria crunt cr>nquircn{la . . . ScalpcJla 
cx Optimo cltaUbc debent. quorum acics cum novaculis dcccrfct . . . Locum 
in quo pcragiiur wlio luminosus sit. lit scilicet minutiae corjioris partes, qiue 
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visum saepe fugiunt, accuratius ccrnantur ” — having selected your subject, 
obtain the instruments suitable for the task; the scalpel should be of the best 
steel and sharp as a razor, and the place where the work is to take place must 
be well lighted in order that the smallest details should not escape notice. 
Other works worthy of mention in this connection arc Johannes Friedrich 
Cassebohm’s Methodus secandi et contemplandi corporis huniam musculiis^ 
published in 1740; Jean Joseph Sue’s U Anthropotomie on I’art d’injecter of 
1749, Thomas Pole’s Anatomical Instructor of 1790; and Robert Hooper’s 
Anatomists' Vade-mecum^ first published in 1797. 

Towards the end of the seventeenth century, therefore, a noticeable change 
appeared in the content and arrangement of museums and particular mention 
must be made here of Friedrich Ruysch’s first and main collection, which 
contained over thirteen hundred anatomical preparations in spirit. It is 
unfortunate that, unlike those whose names are mentioned above, he kept his 
methods secret so that, ns William Wagstaffe points out in his Preface to 
James Drake’s Anthropologia NovOy “ Dr. Ruysch has given us in his 
Thesaurus several excellent and curious drawings of the finest preparations 
in the World, but we had certainly been more obliged to him if he had 
communicated his Observations on the Manner of preparing them and form'd 
from thence a noble, a just and a demonstrative Rationale of the Uses of the 
Parts and Morbid Alterations of our Frame.” It is said that the bodies 
injected by Ruysch preserved all the freshness of youth so it is possible that 
his method was similar to that used by Charles White (1728-1813) for the 
‘ Manchester Mummy,’ and by William Sheldon and William Hunter in 
1775 for the embalmed female bodies that survived in the museum of the 
Royal College of Surgeons until it was bombed in 1941. Ruysch’s museum 
was purchased by Peter the Great and in 1717 was removed to St. Petersburg 
so that, unlike so many fine collections of the period, his life’s work remained 
intact. That of Joshua Brookes was estimated to have cost £30,000 for he 
sacrificed everything to its improvement; bur he was forced to sacrifice it in the 
end and in 1 830 it was sold piecemeal for a fraction of its value. The collections 
of John Heaviside and George LangstafT, <lis|>05ed of in 1829 and 1842 
res|>cctivcly, had a similar fate. Even Sir Joseph Bank s sj^cimens were 
(HsjKrscd, sonic going to John Hunter and the rest to the British Museum; 
so, in the majority of cases, these first-hand illustrations of discoveries and 
techniques have been lost to us. 

During the last hundred years an important change has taken place in 
the style and purfxisc of the museum. There are now apparently, scry fesv 
of those • curious ’ individuals who amass and treasure objects that arouse their 
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particular interest and so ll)c vast private collections ))ave, for the most part, 
disappeared; but, in place, there has dcvclojKd the public, the instructive 
and the specialised museum in which the ordered arrangement and 
perfection of preparation and presentation of the contents arc a mirror of 
the progress in knowledge and technique. It is in this period that an important 
discovery was made, comparable in its effect to that of Robert Hoyle three 
hun<lrcd years previously. Jn 1845, August Wilhelm von Hofmann, born in 
Giessen in 1818, accepted the invitation, made at tlic suggestion of the Prince 
Consort, to become first director of the new Royal College of Chemistry in 
London. In 1856 he was ap|>ointed chemist to the Royal Mint and it was in 
1863 iliat he discovered the gas, formic aldehyde. The forty per cent solution 
of tliis gas, now known as formalin, was used for many purposes but it was 
not until about thirty years later that Ferdinand Julius Cohn (1828-1898), 
the botanist of Rrcslau, cx|>crimcntcd with h as a preserving agent for plants. 
Zwilogisls and anatomists soon found a suitable formula for its use as a 
prcscr>’ativc and fixative and, as Dr. Ryfkogcl has pointed out {Mtdkal Keeor^i, 
50, 192), it possesses most of the desirable qualities of other fixatives with few 
of their disadvantages, since it docs not cause excessive shrinkage or hardening, 
if the correct proportions arc used: furthermore, it is non-inflammable and of 
little cost. 

This introduction would not be complete witliout some mention of Jolm 
Hunter's famous collection which is housed at the Royal College of Surgeons. 
At the time of his death in 1793 it contained no Ic.ss than 13,682 specimens, 
cacli of wliiclt was s|>ccially prepared by him to demonstrate the story of life 
in the normal and iljc .ihnormal 5t.ntc, laying n particular stress on the 
adaptation of structure to function. It tlius provides not only a record of llic 
founder’s indtistr)-. interests ,in<l ingcmiity hut is one r»f the scry few sursiving 
examples of an eighteenth century museum. Knriclicil by the activities of 
conservators sucli as Kicltard Owen and William Henry Flower, it was the 
mecca of the medical historian as well as of the student of hum.m and 
comturatisc anafoiuv. physiology and patluslngv. Omsidcr.ihlv more th.in 
liaU of this fine coUcciion was lost as .a result of bomlung in 1941 luii 
sufficient of the original siKcimens arc left to reflect John I luntcr’s ideas and 
ideals and to form the Iwsjs for restoration. And for those whose .lyrccihlc 
task it is to iiclp in its rcconstttufion, as sscll as for all (hose cn'.!4red in (lie 
preparation of nuiseum s|s«-imens. the following r.iges will afford a rcllahfc 
and Intpiring puide- 
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PART I 


THE PREPARATION AND MOUNTING OF 
ANATOMICAL SPECIMENS OF HUMAN PARTS 



Chapter i 

INTRODUCTION 

I N the preparation of museum dissections, the general procedure differs 
in several respects from that follow'cd by medical students in the dissecting 
room. Provided that he finds the various structures and observes their 
relationships, the medical student is satisfied. He works speedily, because 
dissection is always very time-consuming, A torn artery or a ragged muscle 
does not matter, as it will be removed later in the examination of deeper 
structures; and if the surface of his dissection gets a little dry and consequently 
discoloured, it does not disconcert him unduly. Elaborate cleaning of the 
structures dissected is discouraged as being a waste of time. 

When a museum dissection is being prepared, the principal structures 
to be displayed must be decided before the dissection is begun, and the 
dissection must be undertaken with extreme caution, to avoid damage to 
any structure which may be left in the finished specimen. The most pains- 
taking cleaning of each structure and in addition a specialised finishing 
technique, are necessary to give the dissection a satisfactory appearance when 
it is immersed in mounting fluid. Otherwise what appears to be a neat 
and clean dissection when it rests on the table is seen to be clothed in a 
mass of ragged ends of connective tissue when mounted. 

It is reported that when Mr. Pearson, prosector to the Royal College of 
Surgeons of England from 1890-1914, was asked the secret of how he made 
his very beautiful dissections of human anatomy, some of which can still be 
seen in the College museum, he replied : “ I begin where you leave off.” 
Put while there was doubtless a great deal of truth in this statement, which 
implied that the beauty of Mr. Pearson’s dissections resulted from liis great 
skill and patience in cleaning the structures, it did not tell the wliole story. 

It did not, for instance, explain why, when he was finishing a dissection, he 
locked liim^iclf in his laboratory for periods of up to thirty hours. There 
can be little doubt that Mr. Pearson’s wonderful dissections owe some of their 
beauty to a special finishing technique, the details of which he kept as a 
jealously guarded secret. It is the ambition of the present writer to reveal 
as completely as possible all the tricks of liis trade. 

The difficulty of protlucing really first class human ilissections is greatly 
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Fic i 

Photograph of a dissection of the head, neck and thorax, to Ulustrate the %ery large 
dissections which it is possible to display m the museum since tlie advent of Perspex 
containers The total weight of this exhibit is 196 lb. 

increased by the fact that, except in the case of some amputated limbs, the 
prosector nearly always has to work on very aged cadavers. Delay in obtaining 
the body after death, and severe arteriosclerosis, frequently increase the 
difficulties of fixing the tissues, while fatty degeneration of the muscles in 
old people makes it impossible to produce as clean and neat a dissection as 
could be made, if cadavers of young people were available. 

The advent of Perspex (polymethyl methacrylate) has made it possible 
to construct in the laboratory rectangular containers large enough and strong 
enough to contain very large dissections, such as head, neck and thorax, so 
that now the junctional areas can all be adequately displayed in the museum. 
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Figure 1 shows a photograph of such a dissection. The whole exhibit weighs 
196 lbs. 

It is not essential to have an extensive knowledge of anatomy in order 
to make first class museum dissections, although such knowledge is desirable. 
The general problems which arise in planning and making a dissection will 
bear a fairly close comparison with those which arise when a journey is made 
across a great city like London. For anyone with an intimate knowledge of 
the great metropolis the journey is usually simple enough, though under 
difficult conditions it is possible to lose one’s way. But those with little or 
no knowledge of the city can find their way with the aid of a map, though 
sometimes they may have to ask for directions. 

Similarly the planning and making of a dissection is relatively easy for 
the expert anatomist. Those without this special knowledge must be 
dependant on an atlas of anatomy, and the guidance of an expert anatomist. 
And just as it is always slower to find one’s way across a city relying on a map, 
as compared with knowledge of the locality, so the production of a dissection 
is much slower, if the prosector docs not possess a detailed knowledge of 
anatomy. But it does not follow that the finished dissection will be any less 
perfect. 

It is not enough for those who aspire to become first class prosectors to 
acquire skill in unravelling the structures of the body. They must also develop 
the quality of patience which is essential when the dissected structures are 
being cleaned. The quality of museum preparations depends largely on the 
skill with which the dissection is cleaned; and this work requires not only 
much greater skill than the original dissection, but great patience also. 
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FIXATION OF MATERIAL FOR DISSECTION 

T he fixation of anatomical material involves two processes : it must 
make the tissues sterile, and it must harden them by coagulating the 
proteins, so that the various structures are held firmly m place during the 
subsci^uent dissection. Excessive hardening of the tissues must be avoided, 
as this makes the dissection exceedingly difficult. 

When only an amputated limb or other part, as opposed to a whole 
body, is being fixed, quite satisfactory results arc obtained simply by injecting 
the arteries witli 5 per cent formalin until the part is moderately turgid. 
The greatest care must always be taken to avoid introducing air into vessels, 
as this forms air locks within them and d>structs the flow of fixative. If 
coloured injection masses arc to be injected later, air in vessels invariably 
spoils the result. 

An enema syringe provides by far the most convenient means for 
injecting all extremities and viscera, both with fixative and with certain 
coloured masses such as gelatine. The particular advantages of an enema 
syringe as compared with a pistonand barrel syringe are : (1) case of operation, 
enabling an almost continuous flow of fluid, since the syringe refills itself 
automatically (2) tlic ease with which the injection pressure can be judged, 
as mcrcascd injection pressure is instantly felt as greatly increased pressure 
required to compress the bulb of the syringe (3) the rapid rate at which, when 
desired, it is possible to inject (4) the very considerable injection pressure 
which it is possible to c.\crt, when required, with comparatively little effort. 

The artery is connected to the syringe in the following way. A short 
length of Portex (sec Appendix) or similar polythene tubing of suitable 
diameter is lied into the vessel with linen carpet thread. Anything finer tends 
to cm into the walls of the vessel. Portex polythene tubing is particularly 
suitable for tying into all vessels, because, although thrn-walled, and therefore 
possessing a comparatively large lumen, it is very strong, and sufficiently rigid 
not to collapse when a vessel is tied tightly to it. Us flexibility gives it a further 
advantage o\cr a glass cannula and, in addition, there is no tendency for a 
polythene tube to slip out of a vessel, once h has been securely tied in position. 
6 
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The polythene cannula is connected to the enema syringe by a short 
length of rubber tubing, of such calibre that the nozzle of the syringe fits 
firmly into it. If the cannula is too slender to fit the rubber tube, the 
external diameter of the former is increased by wrapping a suitable length 
of one inch wide zinc oxide sticking plaster round its end. The roll of 
sticking plaster is bound with button thread before it is inserted into the 
rubber tube. The joint is made secure by tying linen carpet thread round 
the rubber tube. It is not necessary to tie the nozzle of the enema syringe 
into the lubber tube, provided that the size of the tube is such that the 
nozzle fits firmly into it. The details of this method of connecting an enema 
syringe to a vessel are shown in Figure 2. 
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.Method of conncrting an enema syringe to a tcsscl, when injectiiig 
with fisacnc. If ihc part is to l>c later injected with a coloured mass, 
the poljthcne and rubber tubes are left attached to the vessel after 
fixation, as they facilitate the attacliment of any injection apparatus 


Tiic injected material is stored in a tank of 5 per cent formahn until 
it is required for dissection. Dissection should not liowcvcr be commenced 
until at least forty-cight hours have elapsed after the fixing fluid was injected. 

When a whole body is being fixed, a ratlicr more elaborate procedure 
is necessary. The ingredients of the fixing fluid arc industrial spirit (95 jxrr 
cent ethyl .alcohol), formalin (a saturated aqueous solution of formaltlchydc), 
liquid phenol anti glycerine. 

In most departments of anatomy, there is a icmlcncy for a very 
conservative policy to be followed concerning the exact conqKisition of the 
film! usctl. The quality of the fixed Inxlics varies considerably. Tlic 
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properties of each of the substances normally included in the fixing fluid are 
given below, to help those who wish to modify the formula used. 

However, before proceeding to this, it should be emphasised that all 
serious problems concerning fixation of bodies arise from working in 
unfavourable climatic conditions. No real problems exist in temperate 
climates. But if the same formula of fixative, which has proved completely 
satisfactory in a cool temperate climate, is used in the tropics, fixation may 
be unsatisfactory. The best remedy is to install air conditioning. It is to be 
hoped that soon it will be considered as important to have air-conditioned 
dissecting rooms and mounting rooms in departments of anatomy in all 
countries which have a hot season, as it is now considered important to provide 
these conditions in the hotels of air ports where passengers usually spend only 
a single night. 

Spirit is unique among fixing agents for its capacity to diffuse directly 
through tissues. Consequently if a clot of blood prevents spirit injected into 
the arteries from reaching a certain area directly, it may reach this place 
subsequently by diffusion. Spirit has the additional advantages that it does 
not produce excessive hardening of the tissues, and does not damage the 
hands or give off an unpleasant vapour from the body during dissection. The 
objections to spirit arc that it tends to bleach the material fixed in it and, 
during dissection, material fixed only in spirit tends to dry up very rapidly* 
and so has to be moistened at frequent intervals to avoid damage. 

Formalin is an excellent fixing agent, provided that the arterial injection 
reaches all areas, but its powers of diffusing through the tissues arc extremely 
poor. If injected in too great concentration it produces excessive hardening. 
It has an unpleasant effect on the bands, though this can be almost completely 
eliminated by application of suitable barrier creams such as Innoxa B.W.2. (see 
Appendix). When material fixed only in formalin begins to get a little dry, 
formaldehyde vapour, equally unpleasant to the lungs and eyes, is given off. 
In the case of a relatively small part such as a limb, this can be avoided by 
immersing the material in cold water for a few minutes whenever sufficient 
formaldehyde is given off to cause discomfort, but in the case of a whole body 
remedial action is not so easy. Consequently the amount of formalin included 
in the fixing fluid should be relatively small. 

The inclusion of phenol scr\'cs three useful purposes. When the piicnol 
reaches the skin it produces whitish patches, which give a clear indication as 
to how far the injection has travelled. Phenol stains the muscles brown, 
thus compensating for tlic bleaching effect of spirit. Provided that only a 
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moderate amount of phenol is included, the brown tone of the muscles is 
very pleasing, but excess of phenol stains the whole of the material dark 
brown. Phenol also helps to sterilize the tissues. 

Glycerine is added to reduce the tendency of the material to become dry 
during dissection. For a rather fat body less glycerine is required than for 
a thin one. 



Fig 3 

Diapram of ilic apparatus uscxl for injcccmp tlic artcr«c< of the l-oilv 
uiili lixinp fluid 

During the injection of the fixing fluid the body is norm.illy laid on its 
back on a post mortem tabic, but if it is intended later to make a dissection of 
some special area such as llic perineum, the body must be arranged in the 
ticsired position before fixation is commenced. If it is attempted to alter tlic 
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and shoulders, on which the body rested during the injection. Whenever 
practicable dissection should not be commenced for at least a month. The 
material will remain in excellent condition for dissection (in temperate 
climates) for several years. 

(Note : Material intended for museum dissections should not be stored 
in phenol, because it tends to stain all the tissues a uniform brown colour. 
But 2 per cent phenol is preferable to formalin for storing bodies intended 
for medical students’ dissections, because of the high concentration of 
formaldehyde vapour given off when a large number of parts stored in 
formalin begin simultaneously to become a little dry during dissection). 
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position after the injection has been completed, and the tissues consequently- 
hardened, the muscles may be badly torn. 

The injection is made in the following way. The femoral artery is 
exposed in the femoral triangle of one leg. A slit is made in the artery and 
two cannulae, consisting of short lengths of a suitable size of Portex polythene 
tubing are tied in the artery, one directed towards the trunk, the other tow'ards 
the foot. The injection is made by means of the apparatus shown in Figure 3, 
the two delivery tubes being attached to the cannulae. Great care must be 
taken to prevent any air from entering the femoral artery, as this is probably 
the commonest cause of the injection failing to flow into one of the upper 
extremities, owing to the production of an air lock in the axillary artery. 

For normal subjects in a temperate climate the following formula is 
recommended for the injection fluid. Equal volumes of spirit, phenol, 
glycerine and water are mixed together- (Although phenol docs not readily 
dissolve in water, it dissolves instantly when the spirit is added). 

Between eight and twelve pints of this fluid are run in, according to the 
size of the body, from a height between four and six feet. The lowest height is 
used from which the flow is reasonably rapid. If during the injection a consider- 
able volume of fixing fluid escapes from the mouth, this leakage is stopped by 
plugging the mouth and nostrils with cotton wool. Whitish patches on the 
skin indicate the extent to which the injection has travelled. Flow into the 
extremities can sometimes be initiated by massage. 

After twenty-four hours a further six pints of fluid, similar to that first 
used, but to which 5 per cent formalin has been added, are injected. It is 
frequently found that when this second injection is made, the fluid reaches 
parts to which it did not extend at the first injection. If the injection still 
fails to reach some areas, these must be fixed by injecting fixative directly into 
them by means of a hypodermic syringe. 

Next a small hole is drilled into the lop of the skull in the mid line, 
and about 100 ml. 10 per cent formalin arc slowly injected into the 
subarachnoid space by means of a hypodermic syringe, to harden the brain. 
If this fluid is forced in too rapidly, the brain may be damaged. About 
100 ml. of 10 per cent formalin arc also injected into the pleural cavities on 
each side. 

After the injection of fixative has been completed, the body is placed 
totally immersed in a tank of 5 per cent formalin. This not only prevents 
die hotly from becoming dry, but also, by supporting most its weight, allows 
the fixative jnjcctc<l into the arteries to reach those parts, usually the buttocks 
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and shoulders, on which the body rested during the injection. Whenever 
practicable dissection should not be commenced for at least a month. The 
material will remain in excellent condition, for dissection (in temperate 
climates) for several years. 

(Note : Material intended for museum dissections should not be stored 
in phenol, because it tends to stain all the tissues a uniform brown colour. 
But 2 per cent phenol is preferable to formalin for storing bodies intended 
for medical students’ dissections, because of the high concentration of 
formaldehyde vapour given off when a large number of parts stored in 
formalin begin simultaneously to become a little dry during dissection). 
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Chapter ^ 

COLOURED INJECTION MASSES 
1. INTRODUCTION 

M LTHOUGH there are a few references to anatomical injections as early 
yLA as the sixteenth century, it was not until Harvey had established the 
1- doctrine of the circulation of the blood in 1 628 that this technique was 
widely used m physiological and anatomical investigations. 

The student who seeks a detailed account of the development of this 
method is referred to F. J. Cole’s scholarly account of The History of 
Anatomical Injections: but as the skill and ingenuity of these early workers 
during the period between 1650 and 1800 has certainly never since been 
surpassed, and seldom equalled during the subsequent 150 years, their work 
deserves some mention here, even in a practical text book which deals with 
current methods. However, the only injection masses with which the present 
writer is concerned arc those suitable for filling vessels sufficiently large to 
be easily visible to the naked eye, which can therefore be displayed in museum 
specimens. Injection masses suitable for physiological investigations and 
histological work are outside the scope of this book. 

J. Swammerdam (1637-1680) was the first anatomist regularly to use 
injection masses which solidified, so that permanent preparations of injected 
and dissected animals could be produced. Owing to the great cost of spirit and 
the glass jars needed for wet preparations, many injected specimens were 
dried and varnished, instead of being mounted in fluid. Consequently 
injection masses, made up of wax, resin, tallow and turpentine, which are 
particularly suitable for the preparation of dry specimens, were those chiefly 
used in the early days. Later, when the cost of preserving wet specimens 
decreased, injection masses of starch, plaster of Paris, and gelatine came into 
general use. 

The principal drawback of w'ax injection masses is the difficulty of 
warming the body or part to be injected sufficiently to prevent premature 
settin*^ of the wax before the vessels are completely filled, owing to the 
relatively liigh melting point and low specific heat of these wax masses. To 
overcome this difficulty, not only was the body immersed in hot water, but 
12 
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hot fluids were frequently run into the vessels to warm them up, before the 
wax injection was thrown in. Care was needed to avoid overheating of the 
vessels, as this was found to make their walls so brittle that they ruptured 
during the injection of the wax. From earliest times the desirability of 
using the bodies of young people for arterial injections, because of the 
greater elasticity of the walls of their arteries, was widely known. 

Starch and plaster masses possess the advantage that they are used cold. 
On the other hand, they form brittle masses which tend to crumble and are 
liable to clog up the injection apparatus, so that they cannot be recom- 
mended. Gelatine is still regarded as one of the most satisfactory substances 
for general injections. 

Although the methods of some early workers were practised with great 
secrecy, those of others were described in detail. The earliest general 
treatise on this subject in English is that of Pole (1753-1829), but no clearer 
and more concise instructions could be desired concerning the anatomical 
injection techniques generally followed by the pioneers of this art, than those 
given by that great anatomist, artist and surgeon, Sir Charles Bell ( 1 774-1 842) 
in the introduction to a System oj Vtssectionsy explaining the Anatomy of the 
Human body. 

For filling the larger vessels Bell recommends among others the 
following recipe : Tallow 1 lb., Resin I lb., Wax* 3 oz., Venice turpentine* 

2 oz., Spirit of turpentine 1 oz. Concerning the injection of the veins he 
says : “ The success of the injection .... depends entirely upon their being 
well washed with warm water, and repeatedly dilated, as they arc for the 
most part foul with coagulated blood, especially in old people.” 

The vessels of the lymphatic system are exceedingly difficult to fill by 
direct injection of a coloured mass, because of the minute size of most of 
the vessels and the fact that the smaller ones cannot be filled via the larger, 
owing to the presence of numerous valves. Mercury was found to be by 
far the most suitable substance for this work, on account of its extreme 
mobility and the ease with which tiny threads of it can be seen with the 
naked eye. But its weight causes even a comparatively short column of it 
to rupture the vessels, and it escapes freely from the smallest hole. Any 
movement of the injected specimen may result in the escape of a considerable 
proportion of the mercury. Therefore the great labour involved in the 
preparation of mercury injections of the lymphatics as museum specimens 

'Presumably bccs-wax 
■Resinous )uicc of the larch 
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cannot be recommended, although this method played an important role in 
the original study of the lymphatic system. 

A very clear picture of the technical difficulties involved in the injection 
of the lymphatics with mercury is given by Sir Charles Bell, who says : 

“OF THF LYMPHATICS. — The injection of the lymphatic 
vessels is the most difficult part of practical anatomy. The subject taken for 
lymphatics, should be under twenty-five years of age and dropsical. — The 
apparatus in the shops is fit for every purpose; gcneially however, the tube 
of glass is too thick, which makes it heavy and unwieldy when filled with 
mercury, A provision of very fine forceps, scissars, lancets, needles, and 
thread, should be at hand, and the assistant must be equally adroit with the 
anatomist. — The mercury must be pure, and the globules leave no tract 
behind them. 

Supposing that an extremity is to be injected : the veins and arteries 
should be previously injected. It is placed with the upper part of the limb 
a little inclined downward. The imeguments are to be dissected off; the 
common cellular membrane left; lines will be perceived small as the most 
delicate nerves, but without their white opacity, and taking a course some- 
what obliquely, crossing the cutaneous veins, below the ancle and on the 
wrist. It will be difficult to introduce the point of the smallest tube unless 
we proceed in this way. Having discovered a lymphatic, a delicate needle 
and thread is put round under it; then, with very fine scissars cut the filament 
half through. The scissars I use in preference to the lancet, as by snipping 
the lymphatic a little obliquely, an opening is made which is more easily 
found than a puncture. We may now inflate the vessels by a small blow- 
pipe, making the stream of air play on the punctured part of the vessel; but 
I never do this. I introduce into the vessel, the delicate steel poker, if it 
enters smoothly and without resistance, I know that it has found the vessel; 
if it IS pushed on with difficulty, that it is making its way amongst the 
common cellular substance. When the poker is introduced, I then take 
tlic pipe with a high column of mercury and make the stream play along 
the poker, when the mercury never fails to enter the lymphatic; and now 
the point of the tube easily enters the distended vessel, when the poker is to 
be withdrawn. 

The mercury should be allowed to flow freely : from one small vessel, 
on the wrist or foot, six or ten lymphatics may be filled on the thigh or arm. 
With similar precautions oilier vessels arc to be sought and filled. 

\[ wc have to inject lymphatics betwixt the glands and trunk of the 
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mercury had by accident entered blood vessels, as it flowed so readily in the 
latter that it invariably reached vessels large enough to be recognised as such. 
Fohmann found that the best results were obtained when the mercury was 
introduced immediately after the termination of rigor mortis, or alternatively 
into material preserved for some time in spirit. Figure 5 shows an illustration 
of one of Fohmann’s injections. 

Fohmann’s work clearly pointed the way to the random puncture 
technique in which the mercury was introduced by piercing the tissues with 
a hypodermic needle. 
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Gerota in 1896 showed that the random puncture method could also be 
used with a fluid consisting of turpentine and ether coloured with Prussian 
blue and other pigments, and that by this method both small and large 
lymphatics could be coloured, without staining the other tissues. Preparations 
made by Gcrota’s technique have the added advantage that they can be 
dissected without the injection mass running out of the cut ends of vessels, 
as happens with mercury injections, and they can be preserved in formalin. 

Since the publication of Gerota’s work, modifications of his technique 
have been used almost exclusively to demonstrate the lymphatics; but the 
value of this technique is greatly reduced by the fact that the material must 
be injected as soon as possible after death and at the very latest before rigor 
mortis sets in. 

The details of methods used by earlier workers to demonstrate the 
lymphatics have been described in some detail, as the present writer has had 
no experience of this highly specialised and exceptionally difficult work. 

2. MATERIALS AND METHOD 

There are three requirements for a satisfactory injection mass. It must 
be sufficiently fluid for easy injection; it must set fairly soon after injection; 
and after setting it must cither be flexible or, if rigid, sufficiently strong to 
resist fracture while the dissection is being made. 

The properties, method of injection and relative merits of three masses : 
gelatine, latex and synthetic resin will be considered. 

General Procedure. In the case of an amputated limb the coloured 
injection of arteries or veins can be made immediately after the injection of 
the fixative, provided that the limb is squeezed with the fingers to press out 
enough of the fixative to make room for the coloured mass. The filling of 
the vessels of a whole body should be undertaken about forty-eight hours 
after the second injection of fixative (sec Chap. 2). During this interval the 
fi.xative has had time to permeate to all areas, and sufficient fluid has escaped, 
partly via the apertures of the body, and partly by evaporation from its surface, 
to make room for the coloured mass. But if the coloured injection is made 
much more than forty-eight hours after fixation, its flow may be obstructed 
by the coagulated blood which is beginning to form bard dots. However, 
siccssful arterial injections can sometimes be made at least five days after the 
completion of fixation. 

The injection of the arteries is a simple operation. The fixative has 
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already washed them free of blood, and their capacity is so small that when 
the coloured injection is thrown in, the fixative displaced readily diffuses into 
the surrounding tissues. Unless the wails of the arteries have become brittle 
as a result of severe arteriosclerosis, an injection pressure considerably higher 
than the blood pressure during life can be safely applied without fear of 
rupturing a major \esscl, though care must be taken to avoid extravasation 
from small vessels, which would stain the surrounding tissues and thus spoil 
the appearance of the subsequent dissection. 

The injection of the veins is a much more difficult operation. First 
they must be washed out to remove as much as possible of the blood with 
which they are invariably filled after death. In the case of an amputated 
limb much of the blood can be washed out during fixation by injecting 5 per 
cent formalin made up in normal saline, instead of water, into the arteries. 
If the formalin is made up in water, the part soon becomes waterlogged; but 
if it is made up in saline, before this happens a considerable amount of fixative 
escapes via the cut ends of the veins, washing out much of the blood. Washing 
out the blood by injecting normal saline alone is not recommended, as the 
part is liable to become so waterlogged, that it is difficult subsequently to 
inject enough formalin to ensure satisfactory fixation. The washing out of 
the veins is completed by injecting fixative into small veins at the end of the 
extremity, and allowing it to escape from the openings at the point of the 
amputation. 

If it is intended to fill the veins of the trunk with a coloured mass, the 
femoral and internal jugular veins arc opened before the arteries of the body 
are injected with fixative. A very much larger quantity of fixative is run in 
than for normal fixation, so that the surplus which escapes from the openings 
of the great veins removes as much as possible of the blood. 

Owing to the thin walls of the veins, a lower injection pressure must 
be used when the veins are being filled, than in the case of arteries, to avoid 
the risk of rupturing the walls of the former. Also a much larger volume 
of injection mass is required to fill the veins than the arteries. To facilitate 
the flow of the coloured mass into the veins, the fixative displaced is allowed 
to escape through openings in the great veins until the coloured mass also 
begins to escape. Then the openings are closed by means of artery forceps. 

In the case of extremities, the filling of the veins with a coloured mass 
is complicated by the presence of valves. Consequently a satisfactory venous 
injection of the arm or leg can only be made by injection from a vein at the 
distal end. so that the flow of the mass is not impeded by the valves. 
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hardens gelatine considerably, rendering it at the same time quite insoluble, 
and it no longer melts when heated. 

The injection is carried out in the following way. The material to be 
injected is warmed up to about 30“C by immersion in a water bath. The 
gelatine mass is maintained at a temperature of approximately ^O^C, and is 
injected with an enema syringe (see text p. 6, and Fig. 2, p. 7 for method 
of attaching enema syringe to the vessel to be injected), except in the case 
of large veins, when the large volume of gelatine to be injected, and the low 
injection pressure required, make it simpler to run the gelatine in by gravity 
flow. 

In the case of arteries the best indication as to when the correct amount 
of gelatine has been injected is given by the considerable increase of pressure 
required to compress the bulb of the enema syringe. A sudden reduction in the 
pressure required indicates that a major vessel has ruptured, and further 
injection will result in extravasation into the tissues. A further indication of 
the extent of the injection is usually given by a flush which appears on the 
skin when the gelatine reaches the fine vessels just beneath the surface. 

When veins are being filled, reladvely gentle injection pressure must be 
used. The degree of distention and turgidity of the injected veins gives the 
best indication as to how much of the mass should be thrown in. 

Gelatine-injected material is first placed in cold water to set the gelatine, 
and is then kept in a lank of 5 per cent formalin. It must not be kept in spirit, 
as this partially dehydrates the gelatine, causing it to shrink and crack. 

If the primary injection is incomplete, it may be completed during 
dissection with the aid of a hypodermic syringe. Before a local injection is 
made into an incompletely filled vessel, all the surrounding tissues which 
have already been dissected arc painted with uncolourcd gelatine solution, 
which is allowed to set, and is hardened by immersion in formalin overnight. 
This treatment prevents the coloured gelatine used to top up a vessel from 
soaking into the surrovinding tissues and staining them, if some escapes from 
the cut ends of the vessel being injected. To reduce to a minimum leakage 
of gelatine used for topping up vessels, it is mjcctcd when it is on the point 
of setting. If it sets in the cannula of the syringe, it is rcmcltcd by immersing 
the cannula in hot water. Gelatine wlifcli escapes on to the dissection is 
allowed to set. Then most of it can be msiIv dissected away in lumjis. any 
remaining traces being washed away "nth hot water applied vvitli a soft 
brush, before it has had time to be rendered insoluble by the formalin in 
the thssection. 
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The most suitable cannulac for fixing into both arteries and veins for 
introducing injection masses consist of short lengths of Portex or similar 
polythene tubing. (Sec text p. 6, and Fig. 2, p. 7 for details of the method 
of connecting the cannula to the injection apparatus). 

Gelatine injection mass. This is prepared by mixing 25 g. powdered 
gelatine with 100 ml. cold water, and heating over a water bath until the 
gelatine is completely dissolved. While the gelatine mass is being heated, 
and while it is waiting to be used, the receptacle containing it must be covered 
to prevent the formation of a skin on the surface of the gelatine solution. 

For colouring the mass, insoluble pigments, in the form of fine powders, 
rather than soluble dyes, must be used, as the latter will in time diffuse 
completely out of the gelatine. Chemically stable pigments giving an intense 
colour, and composed of comparatively fine particles which separate readily 
when added to the gelatine solution, should be selected. Sufficient pigment 
is added to ensure that even a slender filament of gelatine is intensely coloured 
so that the gelatine injection will show up clearly in quite small vessels. 

From the earliest times Vermilion (mercuric sulphide) has been recognised 
as an ideal red pigment for injection masses. Prussian blue has been widely 
used for colouring blue masses owing to the intensity of the colour and the 
minute size of the particles, but it is not suitable for anatomical preparations, 
as it is chemically unstable, and fades in time when exposed to light. Boston 
blue colour dispersion (see Appendix), supplied by the manufacturers for 
colouring latex, is also suitable for colouring gelatine. This dispersion is 
supplied as a concentrated aqueous suspension and a comparatively small 
quantity of it, when added to the gelatine mass, gives the latter an intense 
blue colour. This pigment appears to be chemically stable, but has not yet 
been tested for this work over a long period of years. Other Boston colour 
suspensions can also be used for colouring gelatine injection masses. 

If the gelatine is not required for immediate use, 0.1 per cent of thyme 
crystals are dissolved in it while it is hot, to prevent the growth of mouU s- 
The gclat'ne can then be kept indefinitely in an air-tight preserving jar, anc 
melted down when required. 

A 25 per cent solution of gelatine melts at approximately 28‘’C, but does 
not become really fluid until its temperature reaches about 35'’C. h sbou i 
not normally be used in greater concentrations than that recommended above, 
as a stronger solution absorbs so much water after setting, swelling m t 
process, that there is the risk that if a ver)' concentrated gelatine solution 
injected into large thin-walled vessels, their walls may be ruptured. Forma i 



COLOURED INJECTION MASSES 21 

hardens gelatine considerably, rendering it at the same time quite insoluble, 
and it no longer melts when heated. 

The injection is carried out in the following way. The material to be 
injected is warmed up to about 30“C by immersion in a water bath. The 
gelatine mass is maintained at a temperature of approximately 40 °C, and is 
injected with an enema syringe (see text p. 6 , and Fig. 2 , p. 7 for method 
of attaching enema syringe to the vessel to be injected), except in the case 
of large veins, when the large volume of gelatine to be injected, and the low 
injection pressure required, make it simpler to run the gelatine in by gravity 
flow. 

In the case of arteries the best indication as to when the correct amount 
of gelatine has been injected is given by the considerable increase of pressure 
required to compress the bulb of the enema syringe. A sudden reduction in the 
pressure required indicates that a major vessel has ruptured, and further 
injection will result in extravasation into the tissues. _A further indication of 
the extent of the injection is usually given by a flush which appears on the 
skin when the gelatine reaches the fine vessels just beneath the surface. 

When veins arc being filled, relatively gentle injection pressure must be 
used. The degree of distention and turgidity of the injected veins gives the 
best indication as to how much of the mass should be thrown in. 

Gelatine-injected material is first placed in cold water to set the gelatine, 
and is then kept in a tank of 5 per cent formalin. It must not be kept in spirit, 
as this partially dehydrates the gelatine, causing it to shrink and crack. 

If the primary injection is incomplete, it may be completed during 
dissection with the aid of a hypodermic syringe. Before a local injection is 
made into an incompletely filled vessel, all the surrounding tissues which 
have already been dissected arc painted with uncoloured gelatine solution, 
which is allowed to set, and is hardened by immersion in formalin overnight. 
This treatment prevents the coloured gelatine used to top up a vessel from 
soaking into the surrounding tissues and staining them, if some escapes from 
the cut ends of the vessel being injected. To reduce to a minimum leakage 
of gelatine used for topping up vessels, it is injected when it is on the point 
of setting. If it sets in the cannula of the syringe, it is rcmcltcd by immersing 
the cannula in hot water. Gelatine which escapes on to the dissection is 
allowed to set. Then most of it can be easily dissected away in lumps, any 
remaining traces being washed away with hot water applied with a soft 
brush, before it has had time to be rendered insoluble by the formalin in 
the dissection. 
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hardens gelatine considerably, rendering it at the same time quite insoluble, 
and it no longer melts when heated. 

The injection is carried out in the following way. The material to be 
injected is warmed up to about SO^C by immersion in a water bath. The 
gelatine mass is maintained at a temperature of approximately 40'’C, and is 
injected with an enema syringe (see text p. 6, and Fig. 2, p. 7 for method 
of attaching enema syringe to the vessel to be injected), except in the case 
of large veins, when the large volume of gelatine to be injected, and the low 
injection pressure required, make it simpler to run the gelatine in by gravity 
flow. 

In the case of arteries the best indication as to when the correct amount 
of gelatine has been injected is given by the considerable increase of pressure 
required to compress the bulb of the enema syringe. A sudden reduction in the 
pressure required indicates that a major vessel has ruptured, and further 
injection will result in extravasation into the tissues. A further indication of 
the extent of die injection is usually given by a flush which appears on the 
skin when the gelatine reaches the fine vessels just beneath the surface. 

When veins are being filled, rcladvcly gentle injection pressure must be 
used. The degree of distention and turgidity of the injected veins gives the 
best indication as to how much of the mass should be thrown in. 

Gelatine-injected material is first placed in cold water to set the gelatine, 
and is then kept in a tank of 5 per cent formalin. It must not be kept in spirit, 
as this partially dehydrates the gelatine, causing it to shrink and crack. 

If the primary injection is incomplete, it may be completed during 
dissection with the aid of a hypodermic syringe. Before a local injection is 
made into an incompletely filled vessel, all the surrounding tissues which 
have already been dissected are painted with uncoloured gelatine solution, 
which is allowed to set, and is hardened by immersion in formalin overnight. 
This treatment prevents the coloured gelatine used to top up a vessel from 
soaking into the surrounding tissues and staining them, if some escapes from 
the cut ends of the vessel being injected. To reduce to a minimum leakage 
of gelatine used for topping up vessels, it is injected when it is on the point 
of setting. If it sets in the cannula of the syringe, it is remcited by immersing 
the cannula in hot water. Gelatine which escapes on to the dissection is 
allowed to set. Then most of it can be easily dissected away in lumps, any 
remaining traces being washed away with hot water applied with a soft 
brush, before it has had time to be rendered insoluble by the formalin in 
the dissection. 
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There are several advantages attached to the use of gelatine as an injection 
mass. It sets rapidly and the setting time can be controlled in two ways, 
either by altering the temperature at which the mass is injected, or the 
temperature of the material being injected. It is extremely simple to use, 
no elaborate apparatus being required for making the injection. It is also 
clean and pleasant to handle, and the mass can be prepared and stored, so 
that it only needs warming up before use. It is particularly suitable for filling 
large veins and large arteries, but the greatest advantage of a gelatine injection 
mass is the facility with which incomplete injections can be topped up during 
the course of the dissection. Once the gelatine has been hardened in formalin, 
it is quite durable, showing no tendency to crumble and fall out at the ends 
of the vessels filled with it. 

The principal drawbacks to its use arc the time required to heat up 
sufficiently the material to be injected to ensure that the gelatine will not set 
m the vessels before the injection is complete, and the comparative fragility 
of slender filaments of the mass, which consequently provide little support 
for slender vessels filled with it. 

Latex Injection mass. This consists of a very fluid aqueous solution 
which can be coloured as desired. The solution is kept alkaline by the 
addition of ammonia. When it becomes even slightly acid it sets into a 
highly elastic rubbery mass. 

A number of types of latex arc available. One particularly suitable 
for arterial and venous injections is Boston Neoprene latex (see Appendix). 
This can be obtained in various colours, and aqueous colour suspensions can 
be added if necessary, to intensify the colours. 

When latex is injected, it must contain sufficient ammonia to prevent 
premature coagulation within the vessels before the injection has been 
completed. Even when materia! fixed only with formalin is injected with 
latex, the carbon dioxide present in the preserving fluid will in time cause the 
latex to coagulate; but when the fixing fluid also contains phenol, coagulation 
takes place sooner. 

The general practice is to add sufficient ammonia to the latex so that it 
smells quite unmistakably (but not strongly) of ammonia, and to inject it 
as swiftly as possible, by means of pressure exerted by air or any neutral 
gas. The swift injection reduces to a minimum the risk of the latex setting 
before the injection has been completed. 

Figure 6 shows the apparatus used for latex injection. It is necessary 
to have a completely reliable means of holding down the cork of tlic bottle 
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or jar containing the latex, as the delay caused if the cork comes out during 
the injection may result in some of the latex first run in coagulating before 
the rest can be injected. A cylinder of oxygen is suitable for providing the 
injection pressure. The regulator valve is set at the desired pressure, with 
the delivery tube filled with latex, but with its end clamped. For arterial 



D.agrani of the apparatus used for the injection of latc'c 
Note the simple but secure method of holding do«n 
the rubber bungs of the jars containing the latex 
Smith's intestine clamp forceps are used tor closing the 
delivery tubes, as they arc less liable to cut into the 
rubber than artery forceps If only one colour is being used, 
the rubber tubing is also clamp^ at cither point A or 15 


injections a pressure of not more than 7 Ib. per square inch for a whole 
body, and not more than 4 lb. per square inch for a limb, should be used. 
For venous injections the minimum pressure which will cause the latex to 
flow is used. 

The clamp at the end of the deli\cry tube is only rcmovctl for the 
minimum time necessary to allow the vessels to be filled. If excessive pressure 
is used, or if the pressure is allowed to act on the latex in the vessels after the 
latter arc rilled, extravasation of latex into the tissues is likely to occur, owinj; 
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into the tissues, if the comparatively fragile walls of the veins are broken 
before the latex has set. No information is yet available concerning the long 
term durability of latex injections. 

Synthetic Resin Injection Mass. Synthetic resin produces a rigid cast of 
the blood vessels, but except in special cases it is not suitable for filling vessels 
of an internal calibre of less than one mm. diameter, as the setting of the resin 
is somewhat inhibited by contact with water. The special advantage of using 
synthetic resin is that the walls of the vessels can be stripped completely away 
during the subsequent dissection, leaving a brilliantly coloured cast of the 
cavities of the vessels, which is strong enough to be self-supporting. The 
practical information concerning this use of synthetic resin will be found in 
Chapters 16 and 17. 

In conclusion it may be said that, speaking generally, latex is the most 
suitable mass for filling arteries, but gelatine is more satisfactory for the 
larger veins. Synthetic resin is particularly suitable for filling the veins of an 
extremity. 
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to the fluidity of the latex, and the comparatively long time it takes to 
solidify. 

Before the arteries of a limb arc injected with latex, a few small cuts 
are made at the end of the extremity, and the injection is stopped as soon as 
latex appears in the cuts. The vessel by which the injection is made must be 
securely tied before the injection tube is removed, to prevent latex escaping. 
Any other large vessels from which latex escapes must also be ligatured, but 
small leaks can be checked by applying 10 per cent acetic acid with a wad 
of cotton wool. The acid coagulates the latex and seals the leak. 

If the arteries of a whole body arc to be filled, a pint of a solution made 
by adding one part of strong ammonia to ten parts of cold water is injected 
immediately before the latex, as a final precaution to prevent premature 
setting of the latex in some of the vessels. Between 1 yi and 2 pints of 
coloured latex are run in, according to the size of the body. If an injection 
pressure of 6 lb. per square inch is used, the injection of the latex usually 
takes between ten and fifteen minutes. 

No exact data can be given concerning the time the latex takes to 
coagulate, as this depends on several factors, the chief of which are: — the 
amount of ammonia in the latex, the amount of acid in the tissues of the 
material injected, and the calibre of the vessels injected. In the case of very 
large vessels, although a fairly thick layer of solid latex may form quite soon 
round the outside, the latex at the centre of the vessel remains liquid for a 
much longer period. Consequently care must be taken during dissections in 
which there are very large vessels filled with latex, to avoid rupturing a vessel 
while there is still liquid latex within it, as this would cause the dissection 
to be badly stained. In order to determine whether or not the latex is 
completely coagulated, the vessel is gently squeezed in one place, while it is 
held at another point about two inches away. If the latex is still partly fluid, 
pressure exerted at one point is felt at the other. 

There are two outstanding advantages of latex as compared with gelatine 
for vascular injections. The material to be injected with latex does not have 
to be warmed up. This is an important consideration when a whole body is 
being injected. Also the toughness and elasticity of latex facilitates the 
preservation of small vessels as, even if the w'alls of the latter are torn during the 
disveclion, the latex within holds the vessels together. 

Latex cannot easily be used for topping up incomplete injections, owing to 
its fluidity and the delay in setting. It is not suitable for filling very large 
veins, because of the delay in setting and the risk of extensive extravasation 
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into the tissues, if the comparatively fragile walls oE the veins arc broken 
before the latex has set. No information is yet available concerning the long 
term durability of latex injections. 

Synthetic Resin Injection Mass. Synthetic resin produces a rigid cast of 
the blood vessels, but except in special cases it is not suitable for filling vessels 
of an internal calibre of less than one mm. diameter, as the setting of die resin 
is somewhat inhibited by contact with water. The special advantage of using 
synthetic resin is that the walls of the vessels can be stripped completely away 
during the subsequent dissection, leaving a brilliantly coloured cast of the 
cavities of the vessels, which is strong enough to be self-supporting. The 
practical information concerning this use of synthetic resin will be found in 
Chapters 16 and 17. 

In conclusion it may be said that, speaking generally, latex is the most 
suitable mass for filling arteries, but gelatine is more satisfactor)’ for the 
larger veins. Synthetic resin is particularly suitable for filling the veins of an 
extremity. 
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Chapter ^ 

DISSECTING INSTRUMENTS 

A COMPARATIVELY small number of instruments are required to 
make first class dissections, but it is essential always to use those 
suitable for the particular job. Only the very best quality instruments 
are satisfactory; e.g. forceps which grip firmly and are easy to hold, scissors 
which cut cleanly, and scalpels with really sharp edges. 

It is not intended here to describe every instrument which may be needed 
on special occasions; but it may be helpful to those undertaking this type of 
work for the first time, if something is said about the instruments with which 
most of the work is done. 

These instruments will be considered under four headings ; (1) Scalpels, 
(2) Scissors, (3) Forceps and (4) Miscellaneous Jnstruments. With the 
exception of the Paragon handles and blades, the instruments recommended 
and illustrated are made by Allen and Hanburys Ltd. (see Appendix), and 
for the convenience of those who may desire to obtain identical instruments, 
the current catalogue numbers arc included. 

Scalpels. The most satisfactory scalpels for general work consist of 
handles to which expendable blades are fitted. Paragon handles (see 
Appendix), together with those blades which arc most suitable for general 
dissection, arc illustrated in Figure 7. Blade No. 20, which fits handle No. 4, 
is suitable for all but the finest work. The special advantage of this bLade 
is the sharp curvature of the cutting edge, which enables the latter to be 
brought to bear very easily, with the handle held in a wide variety of positions. 
For delicate work blade No. 15, requiring handle No. 3, is recommended, 
while on those occasions when cither a fine sharp point, or a straight cutting 
edge is required, blade No. 1 1 is used. 

These blades arc very soon blunted. They can be rcsliarpencd by 
stropping them on the palm of the hand. This can be repeated two or tlirce 
times before it is necessary to replace the blade. 

Scissors. Figure 8 shows three pairs of scissors, adequate for all general 
requirements. The straiglit, blunt, scvcn*incb scissors arc used for cutting any- 
thing tough, such as a tendon, which uxiuld damage a more dclic.ife pair. 
The straight, sharp, five-inch scissors arc used for trimming ami cutting 
26 
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Dissecting Scissors. 


generally. For all delicate work the long curved iris scissors arc 
curved blades enable the cutting edges to be brought to bear in p a 

would be inaccessable to straight scissors. r w,v r' r by pulling 

Forceps. A great deal of dissection ts done the blunt way, r. . y P ., 

■ u„d Tcuttinl and consequently dissecting forceps are exceptionally 
tut ins "uients. They 1st have the following characteristics. The 

hirh seuarates the two halves must not be so strong that the li g 
S:td bTptsing them together. The serrations of the ends must 

he fairly large, and ‘smIlf;L:™of tissue, ^nd the 

n.ust be fairly fin , fac^ ,,,, of 

handles must be o a ntustrated in Ficure 9, are strongly recomrnen e i 
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Wallis dental dressing forceps Cat. No 27600. x 2/3 



Ins forceps, straight, serrated ends Cat No. 21116 x i. 
Fic. 9 

Dissecting Forceps 


possess grooved handles which make them particularly comfortable to hold. 
Wallis dental dressing forceps, also shown in Figure 9, are useful for getting 
into places which ts'ould be inaccessible to straight forceps, while hr very 
fine blunt dissection, two pairs of the iris forceps shown in Figure 9 possess 
the characteristics of the Meindoe forceps on a smaller scale. It is important 
that the comparatively coarse serrations at the ends of tlic iris forceps interlock 
very well, so that delicate strands of tissue can be firmly grasped. Before 
buying iris forceps, it is advisable to examine the serrated ends witli a hand 
lens, to ensure that the particular pair chosen is satisfactory in this respect. 

Miscellaneous instruments. Although the safest way of cutting neatly 
through bone is by means of a sa\\% or with a dental burr attached to the 
flexible arm of a dental lathe, tlierc arc occasions when pieces of bone can 
be removed without risk of damage to the dissection by means of bonc<uttmg 
forceps. For general work a seven-inch straight pair of ilicw forcep';, shown 
in Figure 10, arc suitable, as they can be used for comparatively delicate work 
as well as for cutting through large pieces of bone. 

Lucr’s gouije forceps, also shown in Figure 10. arc ideal for tearing aw.ay 
tile remains of muscles and ligaments, and sometimes pieces of fxrriostcum. 
from bone. This is the best instrument to use whenever .in exceptionally 
firm grip on some tissue is desired, as the)' grip soft tissues without cutting 
through them, and arc far more effective than ordinary* forceps. 
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Bone cutting forceps, straight, 7-inch Cat. No 40280 x 2/5 



Luer's gouge forceps, 6 inch 
Cat. No 25006 X *4. 


TuOor Edward’s rib raspatory Cat No 2915^ ^ ^ 


Straight, sharp pointed bistoury Cat No 34554 x i. ^ 

Fic 10 

Miscellaneous Instruments 

The Tudor Edward’s rib raspatory shown in Figure 10 is a 
instrument for scraping away the periosteum from “"y f 

enables a firm grip to be mamtamed without too much eff r . 
work the width of the scraping edge may be °nnot L 

For scraping small recesses in bone into which the rasp y 
introLed, a'n ordinary No, 4 steel scalpel is suitable. As it * 

point of the scalpel which ,s used n soon becomes b unt so ,hat 

^ u Bond an Oil Stone on which It can be resharpened, r ^ 

Tre tili'unsultXle for this work, as the blades easily break and are almost 

■""“i'^''THt’otTs"mming'a r^e cut surface of muscle or fat, a long 
. o rnife is needed Figure 10 shows a straight, sharp-pointed 
toou^suitable for this work. The cutting edge should be care u y . 
and stropped before use. 
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PLANNING A DISSECTION 

T he greatest obstacle which confronts anyone who desires to make first 
class museum dissections is the difficulty of obtaining material in 
really good condition. Most of the cadavers available to the prosector 
arc those of very old people, in which there is either fatty degeneration or 
wasting of the muscles. The former condition makes the production of a 
really clean dissection impossible, while dissections made from material in 
which the muscles have wasted do not provide an adequate representation of 
normal anatomy. It is therefore important to select the very best of the 
available material especially for large dissections which may involve several 
months’ work. 

The next step is to ensure that the body or part is fixed in the most 
suitable position, ft must be placed in the desired posidon before the tissues 
are fixed as, if it is attempted to alter the position afterwards, some muscles 
may be torn. Sometimes it is only necessary to allow the material to rest 
in the desired position during fixadon; in other cases it must be securely held 
in place. For example, for dissections of the hand, the fingers must be 
straight and spread out. To fix the hand in this position the wrist and 
fingers may be tied with tape to a sheet of Perspex in which slots have been 
drilled at convenient places, through which to pass the tape. Tape is used 
in preference to string in order to avoid cither cutting into the skin, or 
impeding the flow of the fixative by excessive local pressure. If a dissection 
of the perineum is contemplated, the body is fixed in the lithotomy posidon, 
and if the axilla is to be dissected, the arm must be suitably placed before 
fixation. 

The next point to consider is whether it is desirable to fill the vessels 
with a coloured mass. If the veins are to be filled, some modifications of the 
normal fixing technique arc necessary to ensure that as much as possible of 
the blood is washed out (see p. 19). If it is intended to preserve the 
veins they should always be injected; otherwise their appearance in the finished 
dissection is very unsatisfactory, as some parts of them are usually greatly 
distended with blood clots, while others arc empty and contracted. Further- 
more their walls are so thin and flexible that they do not hold their original 
31 
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position well, unless supported by an injection mass. On the other hand, 
injected veins are so large that they tend to obscure other structures such as 
arteries and nerves, so that, except in special circumstances, it is not satisfactory 
to display veins in dissections in which it is intended to demonstrate the 
arteries and nerves. However, in the case of a dissection of a bilateral part, 
this objection can be overcome by removing the injected veins on one side. 

In deciding which injection mass is the most suitable, several points 
must be considered. Coloured latex, which is ideal for injecting the arteries, 
is not satisfactory for filling the veins of a whole body, owing to the delay 
in the coagulation of the large volume of latex required, and the risk of extra- 
vasation, which results not only in some of the vessels becoming empty, but also 
causes the tissues to be stained. But although latex has so much to commend 
it for arterial injections, it cannot be selected if it is desired to commence the 
dissection immediately afterwards, owing to the delay in coagulation. 

Synthetic resin should not be used to fill the vessels of material intended 
for making a dissection of the head and thorax, owing to the risk of this 
comparatively rigid mass being fractured through movement of the head 
during subsequent handling of the part. If the resin is broken it may split 
the \valls of the vessel concerned. 

It is best to restrict the plan of a dissection to very general terms. As 
the work progresses, it gradually becomes obvious that by leaving certain 
structures and removing others, or by cutting windows in them, the value of 
the dissection will be increased. It must be remembered that, unlike the 
dissected material used for demonstrations in the dissecting room, the museum 
dissection cannot be handled to improve the view of deep structures partly 
obscured by superficial ones But if when a deep dissection is made the 
superficial structures arc completely removed, it is impossible for students to 
.appreciate clearly the depth of the region displayed. Consequently super- 
ficial structures should be removed only when it becomes obvious that their 
presence seriously imp.airs the view of the deeper parts wlncli it is desired to 
demonstrate. Whenever practicable, a margin of skin should be left around 
the dissected area, as this not only gives a neater appearance to tlic finisnc 
dissection, but .also provides a further indication of tlic depth of the various 


structures. • j » 

When a very large dissection is being planned, the order in wlitcn 
various areas arc dissected must be arranged in such a way that the risk of a 
part previously dissected being accidcmally damaged during the dissection 
of another area is reduced to a minimum. 
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Before a dissection of the head, neck and thorax is commenced, the 
pleural cavity between the collapsed lungs and the thoracic wall should be 
filled with gelatine solution. This is made up by soaking leaves of bone 
gelatine sheet, 120 bloom, in. cold v.'atcr until they are fully saturated, and 
then melting the surface-dried leaves over a water bath. The part is stood on 
Its head while the gelatine is poured in, and held in this position until the 
gelatine has set. The pleural cavities should be filled before the dissection is 
commenced, as the thoracic wall may be pierced during the dissection, causing 
leaks through which the gelatine would escape. If the cavities are not filled 
with gelatine, when the specimen is placed in the Perspex container and the 
container is filled with mounting fluid, the large amount of air trapped 
within the specimen may make it so buoyant that its stability is affected. In 
the case of a smaller specimen, air trapped in this way can be released by 
inverting the container, but a container large enough to hold a head and 
thorax cannot be inverted when filled with mounting fluid without risk of 
an accident, owing to its great weight. 
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THE TECHNIQUE OF DISSECTION 

A SSUNHNG that parts of the body arc available in good condition and 
properly fixed, the first requirement of the museum prosector is really 
good light in which to work. A good north light (in the northern 
hcmispiierc) is preferable to windows through wltich the sun sometimes shines, 
but it is essential to have a suitable source of artificial light as well. This 
is provided by an adjustable electric lamp stand, of sufficiently heavy design 
to take a lamp of about 1 50 watts. The lamp stand must be adjustable, so 
tl»3i the lamp can be brouglu quite close to the dissection when delicate tvork 
«s being done, and so that the source of light can be moved about, to prevent 
the hands and instruments from casting a shadow on the area being dissected. 

An cxccption.ilIy suitable light is provided by 160 watt Philips blended 
lamp (see Appendix). This lamp combines a nsercury arc with an 
incandescent ciement, but. unlike most mercury arc lamps, it is connected 
direct to A.C. mains. Apart from the restful white liglu provided by lliis lamp, 
tt gjNcs <mi much less heat than an ordinary incandescent lamp of similar 
power, so that it may be placed quite close to the work without the heat 
causing rapid drying of the dissection. As these lamps arc rather cxpcniiit 
.ind do not behave sjuitc like or<lin.iry electric lamps, full rletails concerning 
them sliould be obt.iincd from the makers. 

Tl»c second reqiufcmcnt is a comfort.abIc chair of adjust.ib)e beigfit. 
Museum disscfijon is an cx.icting .and fatiguing {xcu|).ilion if it is done really 
\scll. and in reduce fatigue to a minimum, tlic hciglil of tfic chair should 
alw.ivs be adjusted according to the hciglu of the area under ilissection al^ne 
tlic IcscI of tlic work Iscnch. so that the most comfort.iblc pmture i* achicsed. 

The third requirement is a pair of magnifying prlonatie 5['cci3c)es. Tlic'c 
not only rcilucc the ri<k of eye str.iin am! <lclay the on^ci of fatigue, but cnalde 
the proscijof to recognise small struciurcs more readily llun ssitli the unahkd 
c\e. and iluu guc liiin warning when it may be ncccswry t'* thsu-ct stub 
special cauuon. Only a small amount of magnification i' desirable (<^r genera 
work. Sjyrra bmocxilar sjxctaclc magnifiers (see Ap^ienibt). gi'ing magnib 
cation of 1.75 dufnefers. are purtictilarly suitable for ilus tyj-e *<( work, 
pi'^ure 1 1). Ilicy arc sen liglit. am! so can lx worn xsiiliou! th'^' mfi rt 6' 
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Fjc ij 

Pair of Speera binocular magnifying 'Spectacles. The positions of the 
lenses can be easily adjusted according to the distance between the eyes 


long periods. Their lenses can be adjusted according to the distance between 
the Wearer’s eyes, and there is a working distance of about nine inches. The 
design of these glasses is such that, when searching for instruments, or looking 
at any object more distant than nine inches, the eyes can look over the top of 
them, So that they can be worn continuously during dissection. For excep- 
tionally fine work, similar spectacles giving magnification of 2.5 diameters 
arc also useful, though the smaller field of vision and the shorter working 
distance make the more powerful spectacles unsuitable for general work. 

As much dissection is done with each hand holding an instrument, and 
both hands in action at the same time, it is essential that some means be devised 
to hold the part under dissection firmly in the required position. A number 
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of lead ^'eights, made by hammering one foot lengths of heavy grade lead 
pipe until they are flat, serve this purpose well. The weights can be bent as 
required. 

The importance of using only dissecting instruments which are both 
suitable for the job and of first class quality has already been stressed. These 
instruments must he treated in such a way that they remain in first class 
condition. 

The greatest enemies of the museum prosector are impatience and 
fatigue, the two usually marching hand in hand. -In a large and complicated 
dissection such as that illustrated in Figure 1 (p. 4) which takes up to three 
months to complete, serious damage may result from half an hour’s careless 
or hurried work. It is therefore advisable to stop dissecting as soon as any 
symptoms of impatience or fatigue are recognised. All those who specialise 
in this work know that this advice is exceedingly difficult to put into practice, 
as a feeling of impatience creates a strong desire, not to stop work, but to 
press on. 

Before describing the actual technique of dissection, it may be helpful 
to give a general picture of the work which has to be done. The various 
structures of the body, comprising bones, ligaments, muscles, glands, arteries, 
veins, lymphatics and nerves, arc wrapped up in connective tissue, or fascia, 
strands of which attach each structure to its neighbours, and to the skin. 
In certain areas, particularly just beneath the skin, and in certain localities 
such .as the ischio-rcctal fossa, there arc usually large quantities of fat, lying 
in loculi, which are incompletely separated from each other by strands of 
fascia. The firmness with which one structure is bound to another varies 
greatly in different parts of the body. For example the skin is attached quite 
Joo<!cly to the underlying structures on the back of the hand, so that it can 
easily be pulled away, but on the palm it is attached very firmly. 

The technique of dissection consists first of the removal of the skin and 
the underlying fat and fascia, so that the deeper structures arc uncovered. 
This operation is complicated by the fact that many nerves and blood vessels, 
which it may be desired to preserve, lie buried in the superficial fascia. 

Next some of the more superficial structures may have to be partially 
or completely removed, in order to display the deeper ones. Alt the structures 
which have been exposed must be carefully cleaned, by removing from their 
surfaces the fascia in which they arc wrapped. This is a diflicult and time- 
consuming task, during which great care must be exercised to avoid damage 
to the structures themselves. 
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The importance of cleaning the structures of a museum dissection as 
perfectly as possible cannot be over-emphasised. Although diflerences of colour 
may at first help to differentiate the various structures, this cannot be relied 
upon, as structures are frequently stained by blood pigment m fixed material, 
and m any case, after a number of years the tissues usually become more or 
less bleached. The only reliable way, therefore, by which the different types 
of structure can be clearly recognised is by their textures. These different 
textures are fully revealed only when the fascial sheaths which covered the 
Structures have been completely removed. 

Before the dissection is commenced, the part is washed over-night in 
running cold water to remove from its surface the formalin in which it has 
been stored. During the dissection it is sprayed with water whenever it 
shows any signs of becoming dry, as once any area has become really dry, 
the brownish appearance thus produced cannot be completely removed. All 
areas not being dissected at the moment are covered with cheese-cloth soaked 
in water, and by waterproof sheeting over the checsc<loth. Sufficient formalin 
diffuses from the part into the cheese-cloth to prevent moulds growing on 
the latter, at any rate in temperate climates. Partly dissected material need be 
returned to the formalin tank only at the week-end. 

The dissection is commenced by first locating as accurately as possible 
the places where the superficial nerves emerge from among the deeper 
structures. Grant’s atlas is particularly helpful for this, because each figure 
was drawn from an actual dissection, and the outline of each drawing was 
traced from an enlarged photograph. Exceptional topographical accuracy has 
consequently been achieved. 

A shallow incision about two inches long is made through the skin, as 
nearly as can be judged over the place where a cutaneous nerve emerges 
into the superficial fascia, and in the same direction as that in whicii the 
nerve runs. The skin on cither side of this incision is then removed for a 
distance of about an inch, exposing an area of about four square indies of the 
fascia, which is then dissected away with two pairs of Mclndoc’s dissecting 
forceps (see Figure 9), one pair being held in each liand. The fascia is pulled 
away in small pieces until the nerve is found. If the mam nerve is not 
immediately found, a fine branch may be encountered. This can be 
distinguished from a lympliatic or fine uninjcctcd artery by the fact that, 
even when pulled quite firmly, it docs not break. If a fine nerve is encountered, 
its course is followed until it leads to the larcer nerve from which it arises. 

The courses of arteries or veins encountered during this svork arc also followed. 



38 


ANATOMICAL TECHNIQUES 


To avoid any risk of damage to the nerves or vessels which arc being 
traced the following method of dissection is employed. The fascia is gripped 
simultaneously by two pairs of forceps, as close as possible to each side of the 
vessel or nerve, at the place where it disappears into the surrounding connective 
tissue. The two pairs of forceps are then pulled away from each other, so 
that the strands of fascia are torn. The adjacent fat is picked away, and then 
the process is repeated. For this work it is necessary to develop equal dexterity 
with the left and right hands, as both are used simultaneously, and equally. 
A scalpel is used only when fascia too tough to tear away with dissecting 
forceps is encountered. 

The area from which the skin has been removed is extended, when it 
becomes necessary, in order to follow the course of nerves or vessels already 
located. By proceeding in this way, eventually all the skin and superficial 
fascia are removed, except from those areas where, when the dissection was 
planned, it was decided to leave a margin of skin in the completed specimen. 

Before extending the dissection to a deeper level, the structures previously 
uncovered are carefully cleaned. This greatly simplifies the next stage of the 
work. The prosector who does not clean up his dissection as he proceeds, 
imposes on himself a handicap similar to that produced by wearing spectacles 
with dirty lenses. His view of the structures is impaired, and this results in 
inferior work. 

The next step consists of freeing the superficial structures which are to 
be removed, from neighbouring structures to which they are bound by connec- 
tive tissue. As much as possible of this work is done with the fingers, but 
care must be taken not to tear the deeper structures. Those most likely to 
be torn in this operation are muscles. When separating two muscles the risk 
of tearing the fibres of the deeper one can be greatly reduced by placing a 
finger, or the flat part of the handle of a scalpel, on the surface of the deeper 
muscle at the place where cleavage is taking place. This counteracts the 
tendency for some of the fibres of the deeper muscle to be pulled away. 

Whenever a scalpel has to be used to separate two structures, these should 
be stretched firmly apart, and divided by making a shallow incision, which 
is then gradually deepened by repeated light strokes with the curved part of 
a really sharp blade. By proceeding in this w'ay, arteries and nerves come into 
view before tliey are cut, so that they may be preserved intact. 

Although it is desirable to leave in place any superficial structure which 
docs not obscure the view of the deeper parts which it is intended to display, 
prosector must resist tlie tempintion to burrow deeply into dark Imics. 
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When the course of a nerve is being followed, he will often be tempted to 
pursue it to a depth where it is no longer possible to see clearly what he is 
doing. This may result in damage to deeper structures which is only revealed 
later when the more superficial ones are removed. 

As far as possible the prosector should always have at hand reliable 
illustrations of the area on which he is working. Such pictures not only show 
him what structures he may expect to find, and give him warning about 
those areas where it is necessary to proceed with extra caution, but they also 
give a clearer idea than any amount of printed description of the parts being 
unravelled. 

Although accurate illustrations are very helpful, the greatest safeguard 
against serious accidents is theability to proceed in such a way that no important 
structure is severed before it has been uncovered, and to recognise structures 
the moment they come into view. The ability to recognise instantly small 
uninjected arteries, small nerves and certain glands, while they are still almost 
completely buried in fat and fascia, comes only after considerable experience. 
When an experienced prosector supervises the work of a novice, one quick 
glance at the dissection in progress is often sufficient for the expert to se.* 
the cut ends of several nerves and arteries which the beginner has dissected 
away through inability to recognise them among the connective tissue and fat 
in which they were buried. In this respect it should be mentioned that the 
appearance of the various structures in fixed material is very different from 
that in unfixed parts. 

The dissection of ligaments presents special difficulties because, especially 
in old people, the actual ligaments are often covered by a thick coat of very 
tough, whitish, fibrous tissue. The fibres of the ligament itself arc distinguished 
from this fibrous connective tissue by their shiny surface, their much greater 
tensile strength, and the fact that they cannot be stretched. When searching 
for ligaments, the connective tissue is picked away in small pieces with dissecting 
forceps, whenever this method is practicable, but it is sometimes necessary to 
use a scalpel or scissors as well. When this is done, only scry small cuts arc 
made, just sufficient to facilitate the blunt dissection, as unrestricted use of 
scalpel or scissors can easily result in an important part of the ligament being 
pruned away. This is particularly likely to happen when the ligaments of 
die knee and ankle joint arc being dissected. This danger is incrcasal by the 
fact that the figures and descriptions of some of tlic iicaments of the knee .and 
ankle arc inaccurate in many tc.xt books. 

In order to display clc.irly the mechanically important Iig.nmcnts of a 
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joint, it is necessary to remove the thin and mechanically unimportant capsular 
ligaments which bridge the gaps between them and enclose the cavity 
of the joint. These can easily be torn and pulled away with dissecting 
forceps. By displaying part of the joint itself in this way, a clearer picture 
is given of the relationships of the special ligaments which it is intended to 
demonstrate. 

When dissections of the head are made, it is usually necessary to remove 
some of the bone. Although some very beautiful miniature circular saws are 
available for cutting bone, the prosector usually has to manage with less 
expensive instruments. The safest method of removing bone is to cut it 
with dental burrs, attached to the flexible arm of a dental lathe. When 
drilling an area close to some important structure such as a nerve, which it is 
intended to preserve, only really sharp burrs should be used, for it is necessary 
to press a blunt burr very hard against the bone to make it cut, and this may 
easily lead to an accident. The area being drilled must be frequently washed 
by pouring water over it, to remove debris which obscures the work. 

By far the most tedious part of the production of a museum dissection 
is the work involved in cleaning the various structures. To clean the whole of 
a dissection really well, without damage to the structures, requires not only 
great patience but considerable skill. In unskilled hands the dissection, instead 
of becoming cleaner, gradually degenerates into a torn and ragged mess. A 
first-class museum dissection is chiefly distinguished from inferior work by 
the skill with which it has been cleaned. As the technique by which the 
diflerent types of structures are cleaned varies considerably, the cleaning of 
each will be described separately. 

Cleaning of muscles. The surface of all muscles is covered by a membrane 
of connective tissue called the epimysium. Extensions of this membrane, 
called perimysium, pass into the muscle itself, dividing the contractile fibres 
into a number of irregularly shaped bundles. The thickness of both the 
epimysium and the perimysium varies greatly, the thicker parts of the 
perimysium containing small arteries and nerves. The cleaning of a 
muscle consists of removing the epimysium and as much of tlie perimysium 
as is visible. Great care is required during this process to avoid tearing some 
of the muscle fibres. The cleaning is commenced by dissecting away a flap of 
epimysium. This is grasped if possible by the fingers, or by forceps if it u 
tL small or inaccessible to be licltl by llic fingers. Wbenever possible fingers 
arc used in preference to forceps, as the former arc less li.ible to tear the 
epimysium. Nc.xt the flap is gently pulled away from the muscle, and m 
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the same direction as that in which the muscle fibres run , it the same time 
fingers are placed on that part of the muscle from which -pimysium ha^ 
just been removed, to prevent fibres from being pulled av i irom the rest 
of the muscle. When it is found that the cpimysium cannt 1 e nulled awa. 
Without risk of tearing muscle fibres, owing to the tou^ii'icss of 
perimysium, the latter is cut through with curved iris scissors (see Fig. S, p. 28) 
Before cutting through the perimysium it is stretched away from the rest of 
the muscle somewhat, so that the cut ends spring back out of sight among 
the muscle fibres. When the epimysium is being removed care must be taken 
not to damage the arteries and nerves entering the muscle. 

Cleaning is completed by picking up with iris forceps (sec Fig. 9, p. 29), 
those ends of perimysium still conspicuous after the epimysium has been 
removed, and trimming them away with the curved iris scissors. After a 
muscle has been cleaned, It must be handled very gently, to avoid tearing 
It or detaching some of the fibres from ib surface. Damage may easily result 
if ^ jet of water is allowed to play on to a cleaned muscle when the pan is 
being washed after removal from the formalin tank. Similar damage may 
result if the part rests on a cleaned muscle, while another area is being dissected; 
but damage from this latter cause may be avoided by resting the area which 
bas been dissected and cleaned on a large pad of wet cotton wool, shaped 
roughly to fit the dissection. While the other area is being dissected, the 
part and the pad of cotton wool are moved about as one unit. If an elaborate 
dissection requiring many weeks’ work to complete is being undertaken, the 
area first dissected should also be impregnated with gelatine, by the mctliod 
described in Chapter 7, before work is commenced on another area. 

Special care is required when dissecting the muscles of the face whicli 
arc inserted into the skin, and those muscles which arise partly from the deep 
fascia. The dissection of the muscles of the face is facilitated if the work is 
done with the part in water, with the water just deep enough to cover the area 
being dissected. Each bundle of muscle fibres has to be cleaned separately, and 
great care is needed to avoid tearing these delicate muscles. For this work 
more powerful Spccra magnifying spectacles, giving a magnification of 2.5 
diameters, can be used with advantage, as these muscles arc so pic tliat die 
bundles of fibres arc not easily distinguished from the superficial faKia in ss Inch 
dicy lie. The most important example of a muscle which arises prilv from 
die deep fascia is the upper part of tibialis anterior. When this mu^Ic is luring 
dissected, the deep fascia is cither cut away svith a very sharp scalpel, leasing 
3 somewhat rough surface composed of the cut ends of the minclc fibres. 
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or alternatively the fascia is left attached to the muscle. If it is attempted 
to pull the deep fascia away from the muscle, the latter will be badly torn. 

Cleaning of tendons, aponeuroses and ligaments. The ends of many 
muscles consist of shiny inelastic tendons, while others have some of their 
surfaces covered by a thin sheet, or aponeurosis, composed of similar shiny 
white fibres. Although the method by which tendons etc. are cleaned is 
basically the same as when the epimysium is removed from the contractile 
part of the muscles, in some places considerable force is required, and cutting 
may be necessary as well as pulling. When well cleaned, it is found that 
tendons and ligaments are divided up into bundles of fibres in a similar way 
to the arrangement of the contractile fibres of the muscles. The visible part 
of the connective tissue between these bundles should be carefully removed. 

Cleaning of bone. In a museum dissection it is difficult to distinguish 
bone from tendon or ligament, unless tlic periosteum which covers the bone 
has been stripped away very thoroughly. In most areas the periosteum can 
be scraped away fairly easily by means of a raspatory (sec Fig. 10, p. 30), 
but the cleaning usually has to be completed cither with the point of a scalpel 
or a stout needle mounted on a handle. A broach-holder, soldered to 
a metal handle, is extremely useful for holding all sizes of needles. It 
is much more difficult to clean those areas of bone to which muscles or 
ligaments were originally attached. Patient scraping is necessary with the 
point of a steel scalpel (not a Paragon, as the blades arc too flexible for this 
work and arc instantly blunted or broken). The point of the scalpel blade 
needs frequent sharpening on an oil stone during this work, and care i$ 
needed to avoid damage to the bone itself. Sometimes the remains of ligaments 
can be most easily torn away by gripping them with a pair of gouge forceps 
(sec Fig. 10) which are used here, not for gouging, but simply to grip very 
firmly. 

Cleaning of arteries and veins. The walls of alt arteries arc coveicd 
with a fclt-likc sheath of connective tissue, called the acK-cntitla. This v.incs 
in thickness with the c.ilibrc of the vessel. It is only by removing the adventitia 
that the smooth muscular walls arc revealed, by which even uninjcctc< 
arteries arc easily recognised in wcll-cicancd dissections. In the case of 
filled witli a coloured mass, the complete removal of the adventitia is s*'' 
desirable, as it makes the colour of the injection mass more conspicuous. 

It is easier to clean injected arteries tlian uninjected ones, as the injection 
stretrhes tlic walls out. and iioUls (Item steady dtirin); the dissection. In the 
case n( arteries, a longitudinal incision is made willi a vaipe! lliri>ti,!;n ti" 
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adventitia, which is then peeled off by means of two pair - ting forceps, 

applied simultaneously to each side of the incision, Rem i i (.k adveniiiju 
are trimmed away by first seizing them with a pair of in. ' ng forceps 
and then cutting them away with curved iris scissors. It is s. . , ran small 

arteries simply by tearing the adventitia away with two pairs ui i ring 

forceps as, if a longitudinal incision is first made through tlie adventuu, dierc 
IS a risk that this may also cut into the muscular part of the artcr) wall. 
Particular care is needed where arteries branch, to avoid tearing small branches 
away from the main artery during the cleaning. This danger is greatest in 
the case of unfilled arteries, or when the arteries are filled with gelatine, which 
has hardly any tensile strength and consequently gives little support to tlie 
artery. In the case of arteries filled with latex, which has great tensile strength, 
the risk of damage during cleaning is considerably reduced. If the arteries 
have been filled with coloured resin, their walls may be with advantage 
stripped completely away, leaving only a coloured cast of their cavities. 

The sheath of adventitia which covers the veins is exceedingly thin, 
and the muscular wall beneath is also thin and easily torn. Except in the 
case of the larger veins, very little of the adventitia can be removed witJiout 
risk of damage to the rest of the vessel wall. When a vein is being cleaned, 
the adventitia should never be pulled away. The part to be removed is gently 
lifted away from the wall of the vessel with dissecting forceps, and cut with 
curved iris scissors. 

Cleaning of nerves. Nerves arc covered with a lough felt-like sheath 
called the cpincurium. Extensions of this, called the perineurium, enclose the 
individual bundles of nerve fibres of which the principal nerves arc composed. 
Enough of the cpincurium must be removed to reveal the smooth white 
bundles by which nerves arc easily recognised in a wtII cleaned dissection. 

The cleaning is best done by tearing away tlic cpincurium with two pairs of 
tlhsccting forceps, one held in each hand. The cpincurium is grasped 
^'niultancously on either side of the nerve and pulled away. Circ must he 
*akcn not to separate the individual bundles of which the larger ncrscs arc 
composed. This is particularly liable to happen, unless special care is t.nken. 

the case of the sciatic and femoral nerves. There is no risk of breaking 
^fty but the finest nen-cs while they arc being cleaned, as they Imvc great 
tensile strength. Care must be taken hou-cw to avoid stretching ili^i so 
'"uch that they appear unnaturally long in the finished dissection and may 
c'cn have to be cut and hgaiurcti in order to rake up the slack. 

Cleaning of glands. Glands arc enclosed by a sheath of connectue tissue 
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called the fascia propria. Most glands have a typical lobulated structure, and 
extensions of the fascia propria pass between the lobules. The glands are 
cleaned by first dissecting away a flap of fascia propria. This is then stripped 
from the gland by pulling it cither with the fingers, or with dissecting forceps. 
When necessary it is freed from the interlobular fascia by cutting. The cleaning 
must be sufficiently thorough for the lobulated structure of the gland to be 
clearly recognisable. Particular care is required when the prostate gland is 
being cleaned. This gland is enclosed in a very tough capsule, but the gland 
itself has no clearly recognisable lobular structure, so that there is a danger 
that, when the capsule is being dissected away, part of the gland may 
be removed at the same time. 



Chapter j 

FINISHING THE DISSECTION 


U NDER this heading is Included all the work which has lu be dune 
to the dissection, after the areas which arc to be displayed have been 
dissected and cleaned, in order to give the specimen as attractive an 
appearance as possible when it is mounted in fluid in its Perspex container. 

If any bones containing marrow have been cut across, the marrow is 
scraped out, and the cavity originally occupied by the marrow filled with 
gelatine. This reduces the amount of fat which subsequently contaminates 
the mounting fluid. 

Then alt cut surfaces, usually consisting of skin, fat and muscles, are 
neatly trimmed with a straight sharp-pointed bistoury (see Fig. 10, p. 30). 
The appearance of a bilateral dissection is improved if the skin incision is 
trimmed so that it is symmetrical. 

Next the dissection is immersed in clean cold water. It is then seen that 
the surfaces of muscles, tendons, bones, vessels etc., which have been so carefully 
cleaned, arc still festooned with ragged ends of connective tissue. These 
become conspicuous only when the dissection is placed in fluid, which causes 
the free ends to float away from the surfaces to which they were adhering. 

It is impossible to remove all these pieces of connective tissue, but the larger 
ones must be carefully cut away. This can only be done while the dissecUon 
is immersed in fluid. Curved iris scissors (see Fig. 8, p. 28) are most 


convenient for this work which, although tedious and time-consuming, is 
worth doing well, as it greatly improves the appearance of the finished 
specimen. The final cleaning must never be done by pulling the connectiv^ 
tissue away, as this only drags more to the surface and, if persisted in, would 
eventually displace some of the muscle fibres. ^ 

When the final pruning has been completed, the disseetion is removed 
from the water and placed on an enamel meat tray. Any vesse s an nerv 
which have become detached from the structures they supply are sewn secure y 
in position. Chinese twist, consisting of a very strong s.lk thread, available 


•n various gauges, is suitable for this purpose. 

However carefully the final pruning of the dissecUon has <1™^ 
appearance is still marmd by a fluffy covering of connective tissue when the 
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dissection is immersed in fluid, as even movements in the fluid arc sufficient 
to bring fresh ends of connective tissue into view. In order to preserve the 
clean appearance which the dissection has while resting on the table, when 
it is mounted in fluid, its surface is impregnated with gelatine. This cements 
the tiny ends of connective tissue, so conspicuous while they are floating freely, 
to the surface of the dissection, where they arc almost invisible. This treat- 



Diagram ot a xvhmimg kciilc, v'hkh has bten 
adapted to give a j« ot steam The whutlc has 
been replaced by a rubber bung, through the 
centre ot which a glass tube passes A rubber tube 
leads to a water trap which also serves as a handle 
when tlic steam ;et js bemg uscil, A piece of 
sponge rubber sheeting is fixed round the water 
trap, as otherwise u would get too hot to hold 

ment also considerably strengthens those parts of the dissection which might 
otherwise suffer damage as a result of the frequent eddying of the mounting 
fluid caused by the specimen being moved. 

Before the gelatine is applied, the surface of the dissection is mopped with 
a wad of damp cotton w’ool. This is used as a sponge, and is pressed firmly 
against the muscles to absorb surplus water from among their fibres. The 
cotton wool is frequently wrung out during this work. Water is removed 
from areas inaccessible to the wad of cotton wool by means of a No. 3 or 4 
sable water-colour paint brush. The water absorbed by the brush is removed 
by squeezing the hairs between the fingers. . ^ ^ 

^ Next the whole surface of the dissection is painted liberally with a hot 
solution of 25 per cent gelatine in water. The gelatine sets almost immediately 
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it comes in contact with the dissection, provided that this work is done at 
normal room temperature (J.e. not more than about 22°C). A jet of steam, 
which can be conveniently provided by adapting a whistling kettle, as shown 
in Figure 12, is now played on the dissection. The part on which the steam 
is directed is held horizontally so that, when the steam melts the gelatine, 
as much as possible of the latter soaks into the tissues, instead of just running 
off the surface. 

When the whole surface of the dissection has been treated in this way, 
steam is momentarily directed on to all surfaces, while they are held vertically, 
to allow surplus gelatine to run off the dissection. But a thin film of gelatine 
must be left covering the whole surface. Any bundles of muscle fibres which 
have become partly detached during the course of the dissection are carefully 
arranged in their original position while the gelatine is still fluid. 

As soon as the gelatine has set, the dissection is immersed in cold water 
and carefully inspected to see whether the whole surface is covered w’ith a 
film of gelatine. If the steam has removed all the gelatine from any place, 
ragged ends of connective tissue will be seen, which move when the water in 
which the dissection lies is agitated. Any such areas arc coated again with 
gelatine. 

After this treatment the improvement in the general appearance of the 
dissection when viewed in fluid is quite spectacular. Although the film 
of gelatine may be easily seen when the dissection rests on tlie table, it becomes 
almost invisible in mounting fluid. Figure 13 shows a dissection treated in 
the way described above. 

After being coated with gelatine, the dissection must be handled with 
great care, to avoid damage to it. It is stored in 5 per cent formalin until 
it can be placed in the mounting fluid. The formalin hardens the gelatine 
somewhat, and alters it so that it is quite insoluble, even when heated. 

As mentioned in Chapter 6 (p. 41) when a large dissection is being 
made the area first dissected is coated with gelatine before dissection is 
commenced on the next area, to protect it from damage. But when the 
dissection has been completed, it is necessary to coat the whole surface with 
cekatinc, including those areas previously treated with it, as the Iiandling 
which is unavoidable during dissection always causes some of the gelatine 
applied earlier to come off. 



Chapter S 

CONSTRUCTION OF SPECIMEN CONT.i.. 
AND TURNTABLES 


U ntil fairly recently only glass containers were available for mounting 
wet specimens. Whenever possible oval or cylindrical jars were 
used for economy, but these give a grossly distorted view of the 
issection. Rectangular glass jars arc satisfactory only if the sides are ground 
and polished, and even comparatively small jars of this type are very 
costly. Consequently containers large enough to hold a head and thorax, 
or other large specimens were not available. 

The advent of Perspex (see Appendix), called Plexiglass in America, 
consisting of polymethyl methacrylate, has not only revolutionised museum 
inounting technique, but has freed the prosector from the restriction of keeping 
t e size of his dissections within certain limits. 


R is difTicuU to imagine any material more suitable than Perspex for 
faking museum containers. It can be obtained in large sheets varying in 
t ickncss from 1/25 inch to 2 inches. It is easy to cut, machine and join, 
2nd its optical properties arc excellent. Its toughness and chemical stability 
^ake it very durable and, although it is rather easily scratched, it can be 
repolished without much labour. Spirit, which was used extensively in 
former times for mounting anatomical specimens, cannot be used in Perspex 
containers, as it crazes the surface, but formalin and glycerine hav’c no effect 
It, and provide satisfactory substitutes. 

When Perspex was first used for making museum specimen containers, 
|he joints were made by softening one edge of a sheet of Perspex by soaking 
in a solvent such as ethylene dichlonde or chloroform, for about a minute. 
2nd then bringing the softened edge in contact with another sheet of Perspex, 
ight pressure was applied to the joint for about an hour, after which tim^ 
'vas strong enough to be handled without risk of damage, though full 
^^'■ength was not developed until after nventy-four hours or longer, according 
die thickness of the Perspex used. The solvent was applied by holding 
sheet vertically on a horizontal sheet of glass with the edge to be softened 
from actually touching the glass by means of two lengths of fine wire, 
^^^n solvent was run from a pipette on to the glass round the Perspex until 
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it comes in contact with the dissection, provided that this work is done at 
normal room temperature (/.c. not more than about 22 "C). A jet of steam, 
which can be conveniently provided by adapting a whistling kettle, as shown 
in Figure 12, is now played on the dissection. The part on which the steam 
is directed is held horizontally so that, when the steam melts the gelatine, 
as much as possible of the latter soaks into the tissues, instead of just running 
off the surface. 

When the whole surface of the dissection has been treated in this way, 
steam is momentarily directed on to all surfaces, while they arc held vertically, 
to allow surplus gelatine to run off the dissection. But a thin film of gelatine 
must be left covering the whole surface. Any bundles of muscle fibres which 
have become partly detached during the course of the dissection arc carefully 
arranged in their original position while the gelatine is still fluid. 

As soon as the gelatine has set, the dissection is immersed in cold water 
and carefully inspected to see whether the whole surface is covered with a 
film of gelatine. If the steam has removed all the gelatine from any place, 
ragged ends of connective tissue will be seen, which move when the water in 
which the dissection lies is agitated. Any such areas are coated again with 
gelatine. 

After this treatment the improvement in the general appearance of the 
dissection when viewed in fluid is quite spectacular. Although the film 
of gelatine may be easily seen when the dissection rests on the tabic, it becomes 
almost invisible in mounting fluid. Figure 13 shows a dissection treated in 
the way described above. 

After being coated with gelatine, the dissection must be handled with 
great care, to avoid damage to it. It is stored in 5 per cent formalin until 
h caw be placed in the wvouwdwg fluid. The foTmahw hardens the gelatine 
somewhat, and alters it so that it is quite insoluble, even when heated. 

As mentioned in Chapter 6 (p. 41) W'hen a large dissection is being 
made, the area first dissected is coated with gelatine before dissection is 
commenced on the next area, to protect it from damage. But when the 
dissection has been completed, it is necessary to coat the whole surface « iih 
gelatine, including those areas previously treated with it, as the handling 
which is unavoidable during dissection always causes some of the gelatine 
applied earlier to come off. 



Chapter 8 

CONSTRUCTION OF SPECIMEN CONTAINERS 
AND TURNTABLES 

U NTIL fairly recently only glass containers were available for mountintr 
wet specimens. Whenever possible oval or cylindrical jars were 
used for economy, but these give a grossly distorted view of the 
dissection. Rectangular glass jars are satisfactory only if the sides are uround 
Hat and polished, and even comparatively small jars of this type are verv 
costly Consequently containers large enough to hold a head and thorax^ 
or other large specimens were not available. ‘ ’ 

The advent of Perspex (sec Appendix), called Plexiglass in America 
consisting of polymethyl methacrylate, has not only revolutionised museum’ 
mounting technique, but has freed the prosector from the restriction of heeninf^ 
the size of his dissections within certain limits. ^ ® 

It is difficult to imagine any material more suitable than Perspex for 
making museum containers. It can be obtained in large sheets varying i ^ 
thickness from 1/25 inch to 2 inches. It is easy to cut, machine and bin" 
and its optical properties are excellent. Its toughness and chemical stabilit * 
make it very durable and, although it is rather easily scratched, it can be 
repolished without much labour. Spirit, which was used extensively in 
former times for mounting anatomical specimens, cannot be used in Perspex 
containers, as it crazes the surface, but formalin and glycerine have no effect 
on it, and provide satisfactory substitutes. 

When Perspex was first used for making museum specimen containers 
the joints were made by softening one edge of a sheet of Perspex by soakin ^ 
it in a solvent such as ethylene dichioride or chloroform, for about a minut^ 
and then bringing the softened edge in contact with another sheet of Perspex 
Light pressure was applied to the joint for about an hour, after which time 
it was strong enough to be handled without risk of damage, though full 
strength was not developed until after twenty-four hours or longer, according 
to the thickness of the Perspex used. The solvent was applied by holding 
the sheet vertically on a horizontal sheet of glass with the edge to be softened 
kept from actually touching the glass by means of two lengths of fine wire. 

Then solvent was run from a pipette on to the glass round the Perspex until 
49 
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a pool was formed. In order to ensure really good joints free from bubbles, 
it was necessary to machine fairly accurately the edge to be softened. 

After this method had been in general use for some years, it was obsen'cd 
that white patches, of crystalline structure, had developed in many of the 
joints made in this way. These affect not only the appearance of the containers, 
but also the strength of the joints, so that in the case of large containers 
holding a great weight of mounting fluid, there is a risk of them not only 
leaking, but bursting. It has been established that the most important of the 
various factors which lead to the development of these defects is l.ick of 
precision in machining the edges before the joints arc made. Unfortunately 
really accurate machining is not always possible in the ordinary laboratoiy, 
and technicians have found that, as an alternative, it is possible to obtain 
comparatively good joints by soaking the edge for longer than a minute in 
the solvent, and then when the joint has been made, applying much greater 
pressure than recommended by the manufacturers of Perspex. This tends 
to produce joints in which the subsequent deterioration after a period of about 
five years may be quite serious. But even with precision work, these defects 
arc still liable to appear sooner or later. 

In a museum containing thousands of specimens mounted in Perspex 
containers, the cost of replacing every container after a number of years 
would be very great. As there arc grounds for believing that the sheets of 
Perspex W'ill remain serviceable for a great many years, it is worth uhile to 
use 3 method for constructing joints which will also last indefinitely, as then 
the Perspex cont.iincrs represent a capil.il asset insle.icl of a liability; for 
even if the specimens tlicy contain deteriorate, the jars c.in be stored for 
future use. 


Fortunately the manufacturers of Perspex have protluccd .a cement, 
called Tenso) No. 3 (see Appendix), which cc-n be used witli the nrtlinarj 
equipment available in the hiboralory for making joints which, it is believed, 
will prove to be as durable .as the sheets of Perspex themselves. This cement 
is supplied in the form of .i white powder, consisting of powdered l’cnj>et 
mixed with a catalyst, and a clear and colourless liquid, composed of Pcrsf>ex 
monomer containing a stabilircr. Thc^c two ingredients arc nude up 
easily, by following the manufacturers’ instructions, into the actual cement. 
The \Wostiy of the cement can be varied by altering the proportion of er 
to liauid For some applications it should be prcparcil svtfh tl»e 
It .loush. Iml in prepare cement auiraWc fr.r rnaUnp inini. by >l'r rnr^_^ 
.leeeriberl below, tllirlv prrr b; weight of the [..wrier are m.xe.l «.rl. • 
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parts weight of the liquid. This produces a cement just too viscous to flow 
freely under the action of gravity, but not too viscous to allow a fairly fine 
worm of it to be extruded from a suitable syringe. If it is attempted to make 
joints with a more fluid mixture, evaporation of the monomer before the cement 
sets causes the cement to shrink excessively, producing gaps or bubbles. The 
special feature of Tensol No. 3 cement, apart from the durability of joints 
made with it, is its gap-filling property, provided that a sufficiently viscous 
mixture is used. Consequently, really good joints can be made with less 
precision work than when they are made by softening the edge of the Perspex 
with a solvent. 

This cement can be conveniently prepared by making about 600 ml. at 
a lime. Immediately after it has been made up, while it is still hot, and 
consequently sufficiently fluid so that most of it can be poured out of the 
beaker in which it is prepared, it is transferred to collapsible lead tubes (.sec 
Appendix) for storage. Tubes I x 5 inches in size are convenient for this. 
After filling, the ends of the tubes must be carefully sealed by pressing the 
metal together, and folding it over twice, to prevent evaporation of the 
highly volatile monomer. The filled tubes should be stored in a cool place 
with the delivery nozzle uppermost, so that air trapped in the cement rises 
to the surface, and can be expelled before the contents of the lube are 
transferred to the syringe. The cement remains serviceable when stored in 
these tubes for about a month at a room temperature of 20®C. 

When the cement is required, the contents of one of the tubes is squeezed 
out into a suitable syringe. The syringe used for this work must be 
comparatively slender, to enable sufficient pressure to be exerted on the viscous 
cement to extrude it from the relatively small nozzle. The piston must fit 
well into the barrel, to prevent back flow, and there should be two finger 
rings at the upper end of the barrel, and another on the handle of the 
piston, to facilitate the application of the considerable pressure required to 
force the cement out of the nozzle. The 2 oz. aural syringe (see Appendix) 
shown in Figure 14 is recommended for this work. It is used in conjunction 
with 3 delivery tube made hy sawing off the end of an Allen s metal pipe, 
so that about one inch remains. The diameter of the nozzle can be reduced 
as required, by tapping the end of the tube all round with a Jiammer. To 
reduce the risk of the piston seizing up during use. a little metal is removed 
from tlic piston wall, except for about 3 mm. at its loucr end. This c.an 
be done either on a lathe, or by filing. Sufficient metal should be remosed 
^ tint the piston slides quite easily throughout the whole length of the barrel. 
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Also, before the syringe is filled \vith cement, a thick felt pad is placed inside 
the hollow metal piston, and saturated with monomer. 

After the syringe has been filled with cement, it is allowed to rest wiili 
the nozzle uppermost overnight, before use. During this period all air bubbles 
in the cement rise to the surface. The air is expelled before the cement is 
used, by pressing the piston in with the nozzle held uppermost. Provided 
that when not in use the end of the delivery nozzle is covered with a piece 
of Sellotapc, and the syringe is kept in a cool place, the cement remains in 
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<(in;imcti()n vttli .in .\i(cn\ maal pipe. tn(Mlific<l at (lc'<nl>cc) in t!ic 
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a serviceable condition in the syringe for at least a week. During this {>criod 
it can I'c rcclj.irgcil without cle.ining, Uui before the ucck-cnd the svringc 
should Ik dismantled and left to soak in chloroform, $0 th.u it can Ik 
clc.incd out ihorougldy licforc being uwtl again. If it seizes uji when 
narllv filled with cement, it is immcrsctl in chhiroform until the n 
can Ik freed: then ilic sjringe is dismantled ami clcanct! iKforc (King 
used .ig.iin. Although in skilful bands the sjringc should neser Kire uj' 
svlicn m regular use, it is nescrll.clcss adsiublc in have a spare one in 
If it is likely that on some occasions the cr»nrrnM of rjuirc than «'nr 
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several hours after being filled, the cement extruded is mixed with air bubbles, 
which make the application of an even layer of cement impossible. 

Immediately before a joint is made, the two surfaces which will come 
m contact with the cement are painted with monomer, applied with a sable 
hair water.colour brush. This is most important, as it softens the surface 
sufficiently to ensure complete bonding of the cement with the Perspex. 

In the simplest method of construction, two sides of the container are held 
vertically in their correct position by means of strips of wood screwed to a 
wooden base as shown in Figure 1 5, or by any other means which m.iy be 
devised. A strip of Sellotape is stuck to the outer surface of the Perspex 



sheets flush with the upper edges, to prevent cement, extruded when the joints 
are made, from adhering to the outer surface. Tlic cement is then applied 
to the two upper edges. During this process, the nozzle of the syringe is held 
against the edge, and the amount of cement applied is controlled not only 
by the force exerted on the piston, but also by the speed with whicii the nozzle 
is drawn along the edge. Then the sheet of Perspex which will form the 
third side of the container is placed in position, and I'ght pressure applied by 
means of weights. In order to obtain neat joints by this mcthml it is essential 
that a very even layer of cement is applieef to the edges; for to ensure a complete 
joint an excess of cement must be applied, so that some is extruded when the 
weights arc applied. The cement extruded on the outside of the container is 
removed later, when the construction of the container has been completed. 
Its removal is facilitated by the prc^rncc of the strips of Sellotape. which 
prevent the extruded cement from sticking to the surface of the Pcr3|Kx. 
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They are fixed horizontally, a foot apart, and a reflector, made of 
chromium-plated metal, is fixed above them (see Fig. 16). A choke is required 
tor each lamp. As the chokes vibrate while operating, they diould be mounted 
on rubber to reduce noise. The joints arc placed about eighteen inches below 
the mercury arcs, and the cement is fully hardened after six hours’ exposure. 
It is advisable to cool the Perspex by means of a fan, or draught of air from 
an open window, while the cement is being polymerised as, if the cement 
becomes over-heated by the lamps, bubbles are produced in the joints. 

When the first three sides of a container have been cemented together, 
subsequent work is simplified, as it is no longer necessary to use any special 
means of holding the Perspex in position while the joints arc being made. 
After the four sides have been stuck together, the top and bottom edges are 
trued up by taking a thin cut off with a band saw, and then grinding the 
edges flat on coarse sand paper fixed to a flat surface, such as plate glass, before 
the bottom is stuck on. While the cement fixing the bottom of the container 
in place is being polymerised, the open end of the container is stood on two 
blocks, so that air has free access to its inside. If this precaution is not taken 
monomer given off from the joint being polymerised may accumulate inside 
the container in sufficiently high concentration to cause crazing of the surface 
of the Perspex. 

When the container has been completed, its edges arc rounded by planing, 
filing or sandpapering. After this has been done, the cement extruded on 
the outside of the joints is removed by stripping away the lengths of Scllotapc 
origin.ally placed in position to prevent the cement from adhering to tlic 
surface of the Perspex. Finally the edges of the container arc polished on a 
buffing wheel, to which a suitable polish has been applied. 

If a vertical milling machine is available, neater joints can be made if a 
rabbet is cut in one of the two edges to be joined. This reduces the tendency 
for cement to be extruded on the inside of the joint. In this method the 
cement is applied to the rabbet (sec Fig. 17) instead of to the edge, as in the 
other method of construction. It is very much easier to apply an even layer 
of cement to a rabbet than to an edge. 

The construction of Pcrspc.x containers is facilitated if the sheets of 
Perspex arc stored on horizontal shelves at an even temperature in a fairly dr)* 
fltmospiic'c. These conditions ensure that the Perspex sheets arc fl.it «!icn 
required. If stored by leaning them against a wall, the sheets become warped 
nnd this adds to the difficulties of making neat joints. In no circumstances 
should the piece of Perspex intended to form the lid of a container be used 
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Cement extruded on the inside of the joints cannot be removed. Provided 
than an even layer of cement is applied, this extrusion is uniform and hardly 
noticeable; but otherwise it is uneven, and somewhat spoils the appearance of 
the completed container. 

Next the joint is exposed to light of suitable wavelength and adequate 
intensity, which stimulates polymerisation of the monomer in the cement, 
converting it to Perspex. It is important that polymerisation be fairly rapid, 
to avoid excessive shrinkage of the cement, resulting from evaporation of the 



Diagram of the apparatus used for polymerising Tensol 
No 3 cement in the absence of sunlight. 

highly volatile monomer before it is polymerised. The source of light must 
also be one which does not emit too much heat, as this not only increases the 
evaporation of the monomer, but may even produce bubbles in the joint. 

Bright sunlight is ideal for this work, at any rate in temperate climates. 
The exposure required varies from two to four hours, according to the 
nrcvalent conditions. If it is necessary to use artificial light, an adequate 
Lirce is provided by two 400 watt mercury arc lamps (see Appendix), ot 
the type uL for street lighting. All the ultra-violet waves emitted by tto 
lam Jare absorbed by the glass bulbs m which the mercury arcs arc enclosed, 
J can be operated in the laboratory without elaborate screening. 
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They are fixed horizontally, a foot apart, and a reflector, made of 
chromium-plated metal, is fixed above them (see Fig. 16). A choke is required 
tor each lamp. As the chokes vibrate while operating, they diouid be mounted 
on rubber to reduce noise. The joints are placed about eighteen inches below 
the mercury arcs, and the cement is fully hardened after six hours' exposure. 
It is advisable to cool the Perspex by means of a fan, or draught of air from 
an open window, while the cement is being polymerised as, if the cement 
becomes over-heated by the lamps, bubbles are produced in the joints. 

When the first three sides of a container have been cemented together, 
subsequent work is simplified, as it is no longer necessary to use any special 
means of holding the Perspex in position while the joints are being made. 
After the four sides have been stuck together, the top and bottom edges are 
trued up by taking a thin cut off with a band saw, and then grinding the 
edges flat on coarse sand paper fixed to a flat surface, such as plate glass, before 
the bottom, is stuck on. While the cement fixing the bottom of the container 
m place is being polymerised, the open end of the container is stood on two 
blocks, so that air has free access to its inside. If this precaution is not taken 
monomer given off from the joint being polymerised may accumulate inside 
the container in sufficiently high concentration to cause crazing of the surface 
of the Perspex. 

When the container has been completed, its edges arc rounded by planing, 
filing or sandpapering. After this has been done, the cement extruded on 
the outside of the joints is removed by stripping away the lengths of Sellotapc 
originally placed in position to prevent the cement from adhering to the 
surface of the Perspex. Finally the edges of the container are polished on a 
buffing wheel, to which a suitable polish lias been applied. 

If a vertical milling machine is available, neater joints can be made if a 
rabbet is cut in one of the two edges to be joined. Tliis reduces the tendency 
for cement to be extruded on the inside of the joint. In this method the 
cement is applied to the rabbet (see Fig. 17) instead of to the edge, as in the 
othci method of construction. It is very much easier to apply an even layer 
of cement to a rabbet than to an edge. 

The construction of Perspex containers is facilitated if the sheets of 
Perspex arc stored on horizontal shelves at an even temperature in a fairly dry 
atmosphere. These conditions ensure that the Pcrspc.x sheets arc flat when 
required. If stored by leaning them against a wall, the sheets become warped 
and this adds to the difficulties of making neat joints. In no circumstances 
should the piece of Perspex intended to form the lid of a container I>c used 
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as a temporary dust cover v/hen the container is filled with liquid, as this 
soon produces severe warping, caused by the absorption of water on the lower 
surface of the Perspex sheet. However, warped Perspex can usually be flattened 
by soaking it in hot water for a period which varies from a few hours to 
several days, according to the thickness of the sheet, and then allowing it to 
cool while clamped to a flat surface. 



F/c fj 


Diagram to show Tensol No. 5 cement being applied to a rabbet cut 
in tn« edge of a sheet of Perspet. Note the weight placcil on the 
Perspex to keep ic from moxing. This frees bwh hands to manipulate 
the syringe, bur still permits the sheet of Perspex to be qoickl}’ mmed, 
if this sliould lie necessary iJuring ibe application of the cement. The 
fingers of IxTth hands (not shown in the diagram) may have to be used 
10 press the piston of the syringe down, as considerable force is required 
to extrude the siseous cement. 


Satisfactory joints cannot be easily made with very thin Perspex, even 
though thin Perspex might be quite strong enough. It is not advisable 
lo use Perspex thinner than ^ inch thick. This thickness is adequate 
for all dust covers except the largest sizes, and for small conwlners 
for wet specimens. For medium-sized containers for wet specimens inch 
sheets arc recommended. For re-nlly large containers inch or even inch 
thick sheets should be used, while for the b.isc of an exceptionally large 
container, such as that used to hold the dissection shown in Figure 1 (p. 4) 

> ' inch thick Perspex should be used. In each case tlie thickness of the Perspex 
s'eiectcd must be such as will ensure that the container is not only strong 
enough, but sufficiently rigid lo last indefinitely wtthout noticeable d.storl.on. 
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But unnecessarily thick Perspex should not be used, as thi greatly increases 
the cost. 

If more than one side of a part has been dissected, it is desirable to mount 
the container on a turntable. This not only facilitates the study of the 
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Photograph of a turntable. The nooden tray on uliich the specimen 
stands has been removed and inserted to show the details of construction 


dissection, but greatly i educes scratching of the comparatively soft Perspex 
resulting from frequent handling. Excellent turntables can be made in the 
following way. Two squares of equal size and suitable thickness arc cut from 
a sheet of Perspex. A half-inch hole is drilled through the centre of each, and 
a circular groove, of diameter slightly less than the length of the sides of the 
squares, is cut in each square on a lathe. The grooves arc shaped to take 
nickel balls. One of the squares is screwed to a wooden base, the other to a 
Wooden tray on which the Perspex container will stand. The circular groo\c 
on the lower Perspex square is filled with nickel balls of suitable size, and 
the two squares arc held together by means of a half-inch nut and bolt. The 
nut is held in position by means of a split pin. Figure 1 8 shows a photograph 
of one of these turntables with the top prt removed anti inverted, to sliow 
the details of construction. 


Chapter ^ 

MOUNTING OF ANATOAflCAL DISSECTIONS 

A DISSECTION is mounted in the anatomical position, unless this 
impairs the view of some of the dissected areas. In the latter case 
it is mounted so that it presents a view familiar to surgeons. 
Dissections mounted in rectangular Perspex containers arc held in the 
desired position by sewing them to Perspex plates. The thickness of the 
mounting plate depends on the size and weight of the specimen. Sometimes 
it is necessary to cut a window in the plate through which part of the dissection 
projects. It may also be necessary to stick one or more projecting rods or 
strips of Perspex to the plate, either to support the dissection directly, or to 
provide struts to which parts of the dissection can be tied. 

A very heavy dissection, such as the head, neck and thorax illustrated in 
Figure 1 (p. 4), should be mounted so that it rests on the floor of the 
container, to reduce the strain on the stitches by which it is tied to the plate. 

The dissection is fixed to the plate in the following vs'ay. It is laid on 
the place and the most suitable points foi making stitches ore marked on the 
Perspex with a Chinagraph pencil. The dissection is then removed and pairs 
of holes to take the stitches arc drilled through the plate. Next the marks 
of the Chinagraph pencil are carefully wiped away, as although they arc 
inconspicuous, and consequently easily overlooked at this stage, when die 
plate is immersed in mounting fluid, they may become very noticeable. 

Bleached linen carpet thread is strongly recommended for sewing all 
but the smallest dissections to the Perspex plates, as it wears well, does not cut 
excessively into the tissues, is comparatively inconspicuous, and the knots 
have no tendency to come undone. Chinese twist, size 0 is suitable for tying 
small dissections to the plates. 

The first knot made to secure each stitch should always be a Granny, 
as this slips sufficiently when the ends of the thread are pulled, to enable the 
stitch to be tightened until just the correct amount of tension is produced. 
Then another knot is tied over the Granny to prevent the stitch becoming 

loose ^gain.^^ which the dissection is sewn is made of such dimensions 
that it fits easily into the container. The plate is held in jsosition, close to, 
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but not actunlly pressing against the posterior wall of the i '-ainrr, by means 
made of Perspex rod, which have previously beeu .imented to the 
walls of the container at suitable points by means of Tensn' \o 6 cement 
There must be a clearance of a least 5 mm. between the top l ' :lii mounting 
plate and the bottom of the lid of the container, and the top edgt- ui: the plate 
must be prevented from actually leaning against the wall of the container b) 
means of a Perspex peg about 3 mm. long. These precautions are necessary 
to avoid the mounting fluid becoming contaminated by the highly volatile 
monomer in the cement used to fix the lid of the container in position. 
Contamination is avoided by very thorough ventilation of the inside of the 
container while the cement is hardening. Really effective ventilation is 
impossible if the mounting plate almost touches the lid, and if the upper 
edge of the plate rests against the wall of the container. 

If the mounting fluid becomes contaminated with monomer, the fluid 
later turns milky after a period which varies, according to the prevailing 
conditions of light and temperature, from three days to three months. The 
milky appearance results from monomer, absorbed by the mounting fluid, 
subsequently polymerising. It necessitates changing the mounting fluid. 

In the case of comparatively small exhibits which may be handled and 
even inverted, a Perspex peg should be cemented into the lid of the container, 
to prevent excessive movement of the mounting plate in the vertical plane. 
But before the lid of the container is cemented in position, a careful check 
must be made to ensure that this peg is not so long that it prevents the lid 
being placed right down on to the mouth of the container. 

The mounting fluid recommended for all dissections mounted in Perspex 
containers consists of twenty-five parts by volume of pure glycerine, seventy- 
five parts by volume of distilled water, and five parts of formalin. TIic 
glycerine is not essential to preserve the sjwcimcn, but improves the optical 
properties of the fluid. The glycerine and water require very thorough mixing, 
as the former, being so much heavier than the latter, tends to settle out as a 
separate layer at the bottom of the mixing receptacle. 

The mounting fluid should .always be filtered before use. As a large 
quantity of mounting fluid may sometimes be required if a number of 
dissections arc being mounted, an apparatus is necessary, by means of which 
the fluid can be rapidly filtered. A simple apparatus, suitable for filtering 
tapidly a large volume of mounting fluid, is shown on the left hand side of 
Fjgurc 1 9. A five-inch sintered glass funnel is used to filter tlic fluid, and the 
apparatus is worked by means of a low-posvcr electric vacuum pump, wjiicb 
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can also be used to ventilate the insides of containers while their lids arc being 
stuck on. The sintered glass funnel requires occasional cleaning. Tiic necessity 
for this is indicated by a noticeable slowing down of the rate at which the 
fluid passes through it. The funnel is cleaned by immersing it in concentrated 
sulphuric acid, which is then heated to SO^C. The funnel is then removcil 
and washed. Only those who thoroughly understand the dangerous 
properties of concentrated sulphuric acid should undertake this work. 

Before an exceptionally large container, such as that shown in Figure I 
(p. 4) is filled with mounting fluid, its sides must be supported, to counteract 
the tendency of the mounting fluid to make the sides bulge (this support is 
needed only until the lid is stuck on and the container scaled). Adcqiwlc 
support can be provided by tying previously stretched window sash cord as 
tightly as possible round the upper part of the container, and then inserting 
a number of wooden blocks between the cord an<l the Perspex. New s.is}} 
cord is stretched before use by doubling it round some very firmly fixed object 
and pulling it Inrd several times. Some care is needed, as if the cord breaks 
it could lead to an accident. It is advisable to place any container which 
weighs more than 100 Ib. when full of mounting fluid, on a wooden stand 
before ilie fluid is |X)urcd in, and not to lift it off the stand while full of 
fluid. This precaution .avoids subjecting the container to severe local stresses. 

The fluid in wliich the dissection is first mounted usually becomes 
stained after a few montlis, as a result of blood pigment diffusing out of the 
specimen. In addition, a certain amount of debris m.ay collect at the bottom 
of the container. Conscsjucntly, whenever pr.icticahlc, a nesv dissection is 
left immersed in mounting fluid in its container, with the moutli of the latter 
covered with a slicct of glass to protect the contents from dust, for a jicriml of 
from three to six monllis so that, when the fluid is changer), the inside of the 


container can also Ac cicaneu’ouC 

Tljc container is sealed in the following way. The dissection is removcil. 
and .ifter the discoloured mounting fluid has l>ccn cmpiictl out, tlic inside of 
llic cont.nincr is scry thoroughly washed ami tirictl. Tlicn the sjsceimen is 
replaced, and stiflicicnt dean mounling fluid is added, so that the specimen U 

complcicly immersed. , , t i • r ,i 

Two A inch thameter holes arc sinned through op^iosjic corners of the 

l,d which is" cemented on with Tcnwl No. 3 cemenf. applied as drscril>cd in 
rh'.nirr .S Throughout the period during which the cement is l<mg 
‘ • *1 ,h‘ inside of the container must l>e more less cnnt.numuly and 

. 




Fig 19 

Diagram o£ the apparaius used 10 filter large quantities of mount, „g fiutd and ato to 
remo\e monomer \3pour from the inside of museum containers, while their i s ^ 

stuck on A single low power electric sacuom pump can be used for both 
means of the layout shot™ ,n the illnnration When lln.d ts hetng ‘'“P*''™ 

B are elosed, and damp C ,s opened. «T.en filtered fiutd ts tang run f™" ■'>' "PJ™' 
tnto a eontatner, elamp*^ A is o^ed, to allmv atr to replace the H“td rnnn.ng "f ' 
asptratot When monomer saponr .. being reinosed from .he tns-de of eon.a.ners, 
clamp C IS dosed, and B is opened 

contaminated with monomer vapour from the cement, through one of the 
holes in the lid of the container, fresh air enters by the other. 

The cement can be polymerised by the action either ^ 

by means of mercury arc lamps (see Chap. 8, and Fig. , p- ^ )• 
the cement is quite hard, one of the holes in the hd of the container is scaled 
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by cementing a short length of inch diameter Perspex rod into it with 
Tensol No. 6 cement. To ensure a perfect seal, the rod is dipped in the cement 
to a depth equal to the thickness of the lid of the container, and held immersed 
in the cement for one minute. Then, after removal from the cement, the 
rod is pressed firmly into the bole, until its end is flush with the under surface 
of the lid. If necessary, the rod may be gently tapped into the hole with a 
light hammer. 

The insertion of the rod is facilitated if its end is slightly bevelled before 
it is soaked in the cement. If by accident, a rod goes too far into the hole, it 
should be immediately removed and another piece of rod used. If the rod 
is left too far in, or partially withdrawn, a leaky joint is frequently produced. 

Next the container is topped up with mounting fluid, until completely 
full. The remaining hole is then scaled in the same way. The rods are left 
undisturbed for at least two hours after insertion, while the cement hardens. 
Then the projecting ends are cut off with an old knife, the blade of which 
has been heated to dull redness. The hot blade passes through the Perspex, 
when pressed firmly against it, in the same way os an ordinary knife would 
sink into hard cheese. The knife leaves a smooth polished surface on the 
cut end of the rod. 

The ropes and blocks supporting the sides of a large container can now 
be removed. The lid provides a considerable amount of support to the sides 
of the container. In addition to this, any tendency for the sides to bulge 
produces a partial vacuum inside, so that the sides are now partially 
supported by atmospheric pressure. In time the sides of a very large 
container become slightly com'cx, and the top slightly concave, bur 
provided that sufficiently thick Perspex is used for the construction of the 
container, the distortion is never conspicuous, Jf it becomes necessary to 
change the mounting fluid of a very large container, the sides should first be 
supported with ropes and blocks, before a bole is drilled in the lid. If it is 
necessary to open a container, this is done after the fluid has been removed, 
by sawing ofl the top with the band saw, 

perspex containers should be polished periodically with Perspex polish 
No 3 (sec Appendix). This removes static electrical charges, produced when 
the containers arc dusted, which attract particles of dust from the air. 
so that they slick on the surface of tlic container. Tlic polish is cfTcctivc 
for at least a montli under norma! conditions of humidity and tcmfxrramre. 

Its effectiveness is not altered by dusting tvtth a dry clotb. but is completely 
destroyed by washing. 



Chapter lo 

FIXATION AND MOUNTING OF VISCERA 

I N order to obtain the most satisfactory results, certain viscera, destined to 
be displayed as more or less undissected specimens, require somewhat 
specialised treatment. In a pathology museum, where preservation of 
the original colour is more important than preservation of anatomical form, 
the specimen, either whole or sliced in half, is preserved by means of one of 
the modifications of the well known Kaiserling method of fixation. But in 
an anatomy museum, it is more important to preserve form than colour, and 
so the methods of fixing and mounting described below are adapted to this 
purpose. 

The fixative recommended in certain cases would produce excessive 
hardening of the tissues, if tlie part was to be extensively dissected. But when 
the dissection, if any, is limited to such simple operations as cutting windows 
in the wall of intestine or heart, the hardening of the tissues is highly desirable, 
as it ensures that an otherwise somewhat flaccid part maintains its original 
shape when mounted. 

Some viscera cannot be mounted satisfactorily simply by sewing them 
to a Perspex plate, owing to the curved surfaces of the specimen, and its texture, 
which would make the stitches liable to tear away. To avoid this tendency, 
these specimens arc mounted by impaling them on a number of Perspex rods, 
previously cemented to the mounting plate. The organs dealt with below arc 
the heart, stomach and gut, bladder, brain, liver, kidney and lungs. 

The heart. When received from the post-mortem room the cavities of 
the heart usually contain gelatinous masses of coagulated blood. Before the 
heart is placed in fixative, the blood must be removed, as otherwise it later 
becomes very hard and clings to the walls of the cavities so tenaciously that it 
tnay be difficult to remove later without oamage to the specimen. The blood 
is removed by inserting a glass cannula connected to the cold-water tap into 
the cavities, via the cut end of one of the vessels, and injecting water at fairly 
high pressure. If necessary the clots can be broken up by pressing on 
the walls of the heart with the fingers, while water is flowing through the 
cavities. 

Next the cavities are loosely packed with wet cotton wool, introduced 
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with forceps via the cut ends of the vessels, to ensure that the walls of the heart 
are not fixed in a collapsed position. The heart is then placed in 10 per cent 
formalin for at least a week. This fixative, used in twice the concentration 
recommended for fixing material to be dissected, hardens the walls 
sufficiently to enable windows to be cut, even through the thin-walled atria, 
and for the cotton wool to be removed without the walls collapsing. If it is 
desired to fill the coronary arteries with a coloured mass, they must first be 
flushed with water and then 5 per cent formalin. These vessels can be filled 
either with gelatine (p. 20) latex (p. 22) or synthetic resin (p. 109). The 
heart is mounted in the usual way, by sewing it to a Perspex plate. ^ 

Stomach and gut. The contents are first washed out, and then one end 
of the specimen is ligated. The cavity is filled with 10 per cent formalin, 
until it is slightly distended, and then the othei end is also ligated. The 
specimen is placed for at least a week m 10 per cent formalin supported by 
cotton wool, to prevent distortion which might result if the part rested directly 
on the bottom of the formalin tank. The fixing tank should be sufficiently 
large to permit the part to be fixed in 5uch a way that the anatomical form 
is preserved. When the walls arc sufficiently hardened, windows may be 
cut through them. The two ends of the specimen which were ligated arc 
cut off to give it a neat appearance, and then it is mounted by sewing it on to 
a Perspex plate. 

The bladder. It is desirable to show the bladder both with its walls 
contracted and distended. In the former case the part is fixed simply by placing 
it in 10 per cent formalin; in the latter the bladder is first distended by filling 
It with 10 per cent formalin. When sufficiently hardened, windows can be 
cut through the walls, and the specimen mounted by sewing it to a Perspex 


plate. 

The brain. Care is needed to avoid distortion of the brain during fixation. 
Brains removed at post mortem arc 5us|>cnded by the proximal part of the 
basilar artery in 10 per cent formalin, in which the brain is totally immersed. 
The adjacent membranes arc freed from the optic chiasma before tlic brain is 
suspended; otherwise the optic chiasma may be displaced posteriorly. Tiie 
fixine fluid is renewed after four and fourteen days. After this period it is no 
longer necessary to suspend the brain, but it should he placed on cotton wool 
,o avoid distortion due to it resting on the bottom of the fixtrrg tank, and earc 

he taken m see that one brain does not rest upon another m tl,c tank. To 
rmure cietc hardening throughou, rhe brain, i, is lef, in .he formalin for 
at least a further roonih. 
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Many workers have slated that it is necessary to inject fixative into the 
ventricles, to ensure that the central part of the brain is properly fixed. This 
is not only unnecessary, but a hazardous operation, for if the end of the injection 
needle happens to be in the brain substance instead of the ventricle during the 
injection, serious damage to the very soft substance of the unfixed brain may 
result. When the unfixed brain is lifted in the hands, the ventricles collapse, 
and the fluid in them is expelled. When the brain is subsequently suspended 
in formalin, the brain returns to its natural shape, and fixative flows into the 
ventricles. This process is repeated when the fixing fluid is changed, so that 
the central part of the brain is well bathed in fixative. 

The most satisfactory way of fixing cither a very thick slice, half a brain 
or a whole brain to the mounting plate is by impaling it on a number of 
Perspex rods, which have previously been cemented in position so that they 
project perpendicularly to the mounting plate. 

Before a specimen is impaled holes must be drilled through it, slightly 
smaller in diameter than the diameter of the Perspex rods. The size of the 
holes must be such that the rods fit quite firmly, so that the specimen does not 
slide on them. But the rods must not fit so tightly that they cause the tissues 
around them to split. For all mounting by this method Perspex rods 3 ^ inch 
in diameter arc suitable. 

The only difficulty encountered in this work is to fix the rods to the 
mounting plate so that they arc exactly opposite the holes in the specimen. 
In order to achieve this result, the holes arc first cut in the specimen in the 
most suitable places. This is done by means of a straight piece of ihin- 
wallcd brass tube, of external diameter equal to that of the Perspex rods. 
One end of the tube is sharpened on an oil stone, so that it resembles a cork 
borer (sec Fig. 20). As the sizeof the hole cut is equal to the internal diameter 
of the tube, the diameter of the holes is slightly less than the diameter of 
the Perspex rods, which consequently fit firmly into the holes. In order to 
cut clean holes the boring tube must have a very sharp cutting end, and must 
be constantly rotated while it is being pressed through the specimen. Before 
the next hole is cut, the tissue in the borer is expelled by means of a ramrod. 

When a sufficient number of holes have been cut, lengths of Perspex rod 
arc inserted into each. The end of each rod is rounded before insertion so that 
there is no sharp rim to cut the tissues. But it should not be sharpened to a 
fine point, as this is liable to leave the hole so that the Perspex rod. which is 
quite flexible, pierces the tissues obliquely. 

Next the specimen is placed on the mounting plate in exactly the position 
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it is to Occupy in the museum container, with the Perspex rods perpendicular 
to its surface, and so adjusted that they just touch it. 





BRASS BORER 




EXTERNAL . DIAMETER • 

--fc- 


OfAMETER QF HOLE CWT ST 
BORER 

FiC. 20 

Enlarged diagram oE the end of a 3/16 inch diameter Perspex 
rod, and of the brass borer. Note that although the externai 
diameter of the borer is 3/16 inch, the diameter oT the hole cut is 
less, as It IS equal to the internal diameter of the borer. 

The places at which the rods touch the plate are marked with a China- 
graph pencil. Then inch holes arc drilled to receive the rods. Suitable 
lengths of inch diameter Perspex rods arc then cemented into each of the 
holes with Tcnsol No. 6 cement. This is done by dipping one end into the 
cement for one minute, and then pressing it into position. The rods arc left 
undisturbed for at least two hours while the cement hardens before the 
specimen is impaled. It is advisable to leave lengths of Perspex rod in the holes 
in the specimen until the moment the latter is impaled, as otherwise in some 
cases the holes become partly closed as a result of the surrounding tissues 
swelling. After the specimen has been impaled the ends of the rods projecting 
beyond the specimen arc cut off, by the method described on jwgc 62. Brain 
slices of medium thickness, /.r. about 1 cm, and less, can be mounted more 
satisfactorily by sewing them to the mounting plate (see p. 231). 

The liver. First the gall bladder is compressed to expel as much as 
possible of the bile. It is then filled with water and emptied several times, 

» remove all traces of bile, which stains the mounting fluid very badly. 
Nest the hepatic artery is iniccted with a considerable quannty of cold 
derated waier, which escapes via the hepatic vems the portal yem, and to 
: wr extent, via the bile ducts. This is done to wash out as much as ,«ss,b c 

UW and bile (sec Fig. 2. p- ?. =■"<> P- « '"I""™ 
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After injecting 5 per cent formalin into the hepatic artery, the vena cava is 
packed with cotton wool and the liver is left for a week in a tank of 5 per 
cent formalin. It is supported in the tank by cotton wool to prevent its 
surface becoming flattened. 

Next the cotton wool is removed from the vena cava, which is sufficiently 
hardened to keep its shape without support. The liver is washed in running cold 
tap water for an hour and the gall bladder is flushed out with water, to remove 
the formalin from it. After compressing the gall bladder to remove as much 
fluid from it as possible, it is filled with a 15 per cent aqueous solution of 
gelatine, injected directly through its wall by means of a hypodermic syringe. 
The gelatine should he used only about three degrees above its setting 
temperature of 28 "C, so that it sets almost immediately it is injected. It is 
not necessary to ligate the cystic duct, as the gelatine sets in this before much 
has escaped from it, provided that the gelatine is injected fairly slowly. If 
the gelatine sets in the needle of the syringe during use, it can be remeltcd 
instantly by pouring a little hot water over the needle. When the gall bladder 
is filled, the setting of the gelatine within it can be accelerated, and leakage 
through the puncture hole left by the needle prevented, by immersing the 
liver in very cold water. No advantage is gained by injecting coloured 
gelatine, as the walls of the gall bladder arc too opaque to transmit colour. 

It is desirable to fill with gelatine those parts of the hepatic artery and 
portal vein which arc visible, so that they arc held firmly in their normal 
position with the walls of the vessels round instead of being more or less 
collapsed. The filling with gelatine of a short length of a relatively large 
vessel like the portal vein, which has very flabby walls, so that the walls arc 
firmly stretched, is a rather difficult operation, which requires much patience. 
This operation is complicated by the fact that there m.iy be a number of leaks 
from the ends of small tributaries cut or even torn away from the main vessel 
at the time the liver was removed from the body. To do this work successfully 
two people are needed. The liver is placed in a fairly deep basin of ice water, 
and held in this so that the portal vein is .above the level of the water. Twenty- 
five per cent gelatine solution which is on the point of setting is then injected 
into the portal vein from a hypodermic syringe, while the walls of the cut end 
of the vein arc supported with forceps. The gelatine is injected slowly, and 
at the same time the liver is gradually lowered into the cold water. Tlic 
gelatine wliich at first escapes from leaks soon sets and thus seals them. 

The needle is kept inserted some way uiihin the vein and gelatine is allowed 
to overflow from the cut end and set. Hy injecting more gelatine after the 
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first deaerated, then fixed, and finally expanded by filling them with gelatine, 
though at the same time a comparatively large amount of gelatine may set 
outside the vein. When the gelatine has become quite firm, any outside the 
vessel is carefully dissected away by cutting it with a sharp scalpel. It is best 
to sew the common bile duct and hepatic artery to the portal vein, as the 
former are not rigid enough to be self-supporting, even when filled with 
gelatine, while the latter, because of its much greater diameter, is comparatively 
firm, especially when the gelatine has later been hardened in formalin. 

After the fat has been trimmed away from around the vessels, and the 
remains of the diaphragm from the surface of the liver, all ragged parts are 
coated with gelatine and steamed by the method described in Chapter 7. 
Extreme caution is needed when steam is applied to the walls of the vessels 
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filled ■with gelatine. A brief application of steam greatly improves the 
appearance of these vessels, but if it is applied for a fraction of a second too 
long, much of the gelatine within the portal vein melts and escapes and its 
w'alls collapse. 

The most satisfactory position in which to mount the liver is with the 
tip of the gall bladder uppermost. The best way of fixing it to the mounting 
plate is by impaling it by the method described on page 65. Figure 21 shows 
a liver prepared and mounted by the method described above. As livers 
usually stain the mounting fluid very badly, the latter needs to be changed 
several times at comparatively frequent intervals after the specimen is first 
mounted. Two quite distinct types of discoloration occur. The mounting 
fluid may become green as a result of staining with bile; or it may become 
milky, as a result of other substances diffusing out of the liver. This milky 
appearance should not be confused with the milky colour which appears in 
mounting fluid, due to contamination of the latter with monomer from the 
cement used to fix the lid of the Perspex container on (sec p. 59), although 
the two effects arc very similar in appearance. 

The kidney. The blood is washed out by injecting tap water into the 
renal artery. This is followed by 5 per cent formalin to fix the organ. The 
cut ends of the renal artery and vein arc filled with gelatine by the technique 
described for filling the vessels of the liver, and a suitably curved glass rod 
is tied into the ureter to keep it in position. The specimen is cleaned and 
coated with gelatine by the method recommended for ordinary dissections. 

It is mounted by sewing it to a Perspex plate. The pelvis of llic kidney is 
best displayed by slicing the kidney in half longitudinally before mounting, 
althougii very beautiful casts of this structure can also be prcp.ircd (see Fig. 76 
p. 220). 

The lungs. As received from the |iost-moricm room lungs arc a shapeless 
mass. Before they arc mounted, they must be fixed in the expanded condition, 
as nearly as possible in the form they bad in the lliomcic cavity during life. 

In order to achieve tliis, after the blood has been washed out, the lungs arc 
first deaerated, then fixed, anti finally c-xpanded by filling them with gelatine. 

A short length of Portex \inyl VV standard drainage tubing (see 
Appendix) is tied into the trachea to facilitate ilic connection of rubber tubing 
from apparatus. Portex tubing is preferred to glass, as the former is moderately 
flexible anti, if tied firmly in place with fine siring, it neser slips out. This 
ty{>e of Portex tubing is used ratlicr than Portex polythene tubing recommended 
cUcsshcrc. as the latter is not made in suffidcntly large sires for this work. 


ANATOMICAL TECHNIQUES 

The lungs are placed in the sink, which is filled with cold water in which 
they float. The cold tap is connected to thc.trachea, by means of rubber tubing, 
and water is run into the lungs via the trachea. The water escapes partly 
by diffusion through the pleura, but also via the pulmonary vessels, and so 



The apparatus for deaerating long<. Screw' clanip< are fitted at A, 0, C and D, 
hy mean* ol t^'hlch the rubber tuhtng can be ctnsed. Oy adptjtmcnc of th«e 
clamps the foUowjng can be camn} nut : 

(j) Tap water can be run into the trachea, to vvpsh nut the bronchi 
and remove blood from the pulmonary vessels. 

(ii) The lungs can be filled with carlvon dtoxidc. 

(ill) The lungs can l>c cvacuntal. 

(}>) Tap water can l>c run into the a^Iraior. 

(v) The water m the aspirator can be deacrjtcii 

(vi) Tiic lungs can Ixr filled with deaerated water. 


washes out the blood from the latter. Washing is continued until the water 
escaping from the pulmonary veins is comparatively free from blood. It is 
advisable to remove most of the bloosi as this otherwise stains the mounting 


fluid badly. 

Deaeration of the lungs is earned out wnh the .ippamtus dlustratcd m 
F 90 The lungs arc alternately inflated with carbon dioxide until tlicy 

•iri'?: r;riir.rr := 

r,”.' -I'”' 



FIXATION AND MOUNTING OF VISCERA 71 

cold water, which has been previously deaerated in an aspirator by means of 
the water vacuum pump, is allowed to flow through the lungs. The water 
rapidly absorbs the carbon dioxide, so that the lungs now almost sink. 

The lungs are fixed by running about 5 litres of 5 per cent formalin, 
made up in deaerated water, into them. Then they are placed in a tank of 
5 per cent formalin for one or two days. They should not be left longer in 
formalin before they are filled with gelatine, as they collapse in the formalin, 
and the hardening of the tissues which results from more prolonged fixation 
may make it difficult to expand them fully again. 

After removal from the formalin tank the lungs are placed in a sink 
filled with water at between and about 20 litres of deaerated water 

at this temperature are run into the trachea by gravity flow, to warm the 
lungs, and wash out most of the formalin, which otherwise might cause 
premature solidification of the gelatine, during the injection of the latter, as 
formalin renders gelatine quite insoluble. 

Bone gelatine sheet, 120 bloom, which is supplied in the form of 
comparatively thick rectangular leaves, is recommended for filling the lungs. 
The gelatine is prepared for use in the following way. A sufficient number 
of leaves to make six litres of gelatine solution are laid out in cold water in 
large enamel meat trays, and left to soak for twenty-four hours. After this 
period they arc saturated with water. It is important to arrange the gelatine 
leaves in a single layer while they are soaking as, if two leaves stick together, 
they may not be completely saturated with water after twenty-four hours. The 
soaked leaves weigh approximately nine limes as much as the dry ones. This 
figure enables a fairly accurate estimate to be made as to how many leaves 
should be soaked. Gelatine solution prepared from leaves not fully 
saturated with water is unsatisfactory for this work, as it swells inside the 
lungs as a result of absorbing more water after setting, distorting their shape. 

The soaked leaves arc removed from the water and dried with a towel. 
They arc now quite flc.xiblc, but firm (provided that this work is not 
attempted in very hot weather when the room temperature is approaching the 
melting point of the gelatine, which is ZS^C). The leaves arc packed into 
7 lb. Kilner jars, which arc placed in the sink, the latter being filled with hot 
water at about 50°C. The temperature of the water in the sink is m.aintaincd 
at about 50°C by allowing a slow flow of water into it from the hot tap. 

The gelatine is melted and heated to a temperature of 45 “C. The lids of 
the jars should remain on (but not be screwed down) during this period, to 
prevent a skin forming on the surface of the melted gelatine. Thymol 
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crystals in a percentage o£ 0.1 are added to the gelatine while it is at 45°C. 
Although the gelatine is injected into the lungs at a considerably lower 
temperature, it is necessary to raise the temperature to 45 “C to ensure that 
the thymol mixes thoroughly, as thymol is not readily soluble in aqueous 
solutions, and the crystals do not melt until they are heated to 4rC. The 
thymol is stirred thoroughly into the gelatine. It acts as a preservative, and 
prevents the possible growth of moulds in the gelatine, after the latter has 
been run into the lungs, during the comparatively Jong period which elapses 
before the formalin, in which the injected lungs are preserved, penetrates to 
the centre of such a solid mass of gelatine. 

Before use the gelatine is cooled to 32'*''35‘’C, by lowering the temperature 
of the water bath in which the jars are standing, and during this period the 
gelatine must be stirred vigorously and continuously, as otherwise gelatine 
cools and solidifies next to the glass, while remaining hot and liquid at the 
centre. 


The gelatine is injected at a temperature of 32‘’'35®C. If used at a 
higher temperature than this it is too fluid, and diffuses too freely through 
the lungs, so that much of it escapes into the water in which the lungs rest; 
but if it is used at a temperature lower than 32*C, it is liable to set before the 
injection has been completed, especially if the room is rather cool. 

Immediately bcfoie the gelatine is injected, the Jungs are gently 
compressed with the hands, to expel as much as possible of the water within 
them. They are placed on a Perspex tray similar to that shown in Figure 32 
(p. 135), which approximately resembles the posterior thoracic wall of a 
medium-sized individual, as this facilitates the arrangement of the injected 


lungs in the desired position, and avoids the risk of the surface of the injected 
lungs becoming flattened, as a result of their resting on the bottom of the sink. 
The method of constructing these trays is described on page 135, however it is 
possible to obtain satisfactory results by supporting the lungs with the hands 
while the gelatine sets, if a Perspex fray is not available. 

The gelatine is run into the lungs from a large funnel, held about six 
inches above them by means of a clamp and retort stand. The funnel is con- 
ncclcd by means o£ rubber tubing to the Portex cannula already tred into the 
. rhea The funnel is warmed by immersion in warm water mimcd.ately 
before use, to avoid the possibility of the gelatine setting in the apparatus before 

it starts to gebtine, and consequently turgid, they tend 

toasleto -latural expanded form, though they require a little adius.mcnt 
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on the tray. The flow of gelatine is now checked by clamping the rubber 
tubing, and the water in which the lungs rest is cooled as rapidly as possible, 
cither by running in water from the cold tap (in cold weather), or by adding 
a large quantity of ice. When the gelatine has set, the lungs are placed for 
a month in 5 per cent formalin made up in a 25 per cent aqueous solution of 
glycerine, to harden the gelatine, and ensure that the latter is completely 
impregnated with fluid identical with that used for mounting. 

Before the lungs are mounted, the gelatine which has escaped from them 
and set on their surface is removed by scraping it away. After washing the 
hardened lungs in cold running water for an hour to remove formalin from 
their surface, the various structures such as aorta, oesophagus, and ends of 
the pulmonary vessels are trimmed, and coated with gelatine by the method 
used for finishing ordinary dissections (see p. 45). The specimen is then 
returned to the tank of preservative overnight, so that any water absorbed while 
the lungs were resting in tvater is removed by the dehydrating effect of the 
glycerine in the preservative. 

Before the lungs are mounted two sharply pointed inch diameter 
Perspex rods are pushed transversely through both lungs to hold them in their 
correct position in relation to each other. The protruding ends of these rods 
are cut off by the method described on page 62. 

The lungs arc mounted by impaling them. They must bcTcturned to 
the preserving fluid between the various manipulations. If they are placed 
in ordinary water they expand somewhat and their slightly altered shape may 
cause serious difficulty in the impaling technique. 

The weight of the injected lungs is such that the container in which they 
are mounted should not be stood upright until at least half full of mounting 
fluid which then supports much of their weight. Figure 23 shows human 
junas, prepared and mounted by the method described above. 



PART II 


THE ILLUSTRATION OF ANATOMICAL DISSECTIONS 



Chapter ii 

INTRODUCTION 

I N a teaching museum each anatomical specimen should be accompanied 
by a verbal description. In many cases the value of the dissection is 
increased if an illustration is also provided, as this facilitates the verbal 
description and makes it easier for students to identify the various parts. It 
also provides a means of drawing attention to inconspicuous but important 
structures, which might otherwise be overlooked. 

Three types of illustration may be provided, consisting of cither photo- 
graphs, outline drawings, or anatomical illustrations in which each structure 
is carefully portrayed. Whichever method is used extensive labelling is 
necessary. 

Photographic illustrations (sec Fig. 24, p. 86) arc the easiest to produce, 
but for several reasons they arc usually unsatisfactory. The camera docs not 
discriminate, so that important features arc often masked by unimportant 
details. If tiie lighting is arranged to throw some areas of the dissection into 
sharp relief, others appear very flat, or may even be obscured by shadows. 
When the dissection is viewed, the complete course of some structures such as 
arteries and nerves can be seen only if the head is movc<i slightly, so that in 
a photograph these arc partly obscured. Although the value of photographs 
can be increased by skilful retouching, they must nevertheless be regarded as 
the least satisfactor)’ form of illustration for anatomical dissections. 

Outline or key drawings (see Fig. 25, p. 87) can be made fairly easily, 
by first tracing the outline of the princinal structures from photograph of 
the sjKcimcn, and then adding by free-hand a simplifietl outline of anj smaller 
structures to wliich it is necessary to draw attention. A key drawing is 
easier to interpret if the arteries, veins and nerves arc coloured. Tliis tyjx: of 
illustration is more satisfactory than a pliotograph. hut the identification of 
the numerous l.abcllcd outlines on the actual tlisscctinn may rctjuirc a 
consulcmblc amount of cflori. Tins may have the advantage of fixing more 
firniK in tlic student’s minil the relationships concerned, hut outline tlrassings 
arc acstlictically unsatisfying, and almost useless when sicss-cd apart from the 
shsscclicin. so tiiat they cannot Ik used to illustrate articles or text kioks, 

.•\natomical ilrassings (sec Fig. 26. p. 89) in xsliich each structure is 
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carefully portrayed, take much lon^r to make than simple outlines; but 
when it is recalled how long an elaborate museum dissection takes to complete, 
and in view of the fact that these dissections may be expected to last 
considerably more than a hundred years, the extra time required to make really 
attractive drawings is not difficult to justify. 

When an anatomical drawing is made, the important features are 
accentuated, and unimportant details omitted or subdued. Consequently a 
satisfactory anatomical drawing can be made only by someone who understands 
the dissection. There are a limited number of professional artists whose 
knowledge of anatomy is sufficient to enable them to undertake this work 
successfully under the supervision of an expert anatomist; but more often 
than not, the only person available to make the drawings is the prosector who 
made the dissection. Although his training does not usually include a course 
at an art school, this is not an insuperable obstacle to the production of 
satisfactory anatomical drawings. Anyone who has the ability to master the 
technique, not formally taught in any school, of making first-class museum 
dissections, is also capable of mastering one of the techniques by which 
anatomical drawings can be made. 

Although it would be idle to pretend that lack of art training is not a 
handicap to the potential anatomical artist, there are nevertheless some actual 
advantages attached to this. In normal art training, the student is taught to 
portray accurately what lie secs, but the anatomical artist never does this. He 
selects, simplifies, and reduces to a semi'diagrammatic style, so that an artist 
unversed in the principles of anatomical drawing would be astonished by the 
appearance of the completed illustration. While the ordinary artist is taught 
to avoid putting too much detail into his work, as for example the pitfall of 
drawing every brick in a wall, and is encouraged to suggest the actual details 
by means of a few lines, the anatomical artist must draw exactly and clearly 
all the features which he has selected as being sufficiently important to 
illustrate. 



Chapter 12 

MATERIALS AND METHODS 

A GREAT many beautiful anatomical illustrations have been produced 
by means tof the Ross Board and Air Graph techniques. But as both 
of these techniques arc highly specialised and make great demands on 
the skill of the artist, they cannot be described here. They should be learnt 
at a school of art, or under the instruction of a qualified medical artist. Only 
comparatively simple techniques, which can be mastered by those with aptitude, 
even if they have had little formal art training, come within the scope of this 
book. 

The three techniques most frequently used for making anatomical 
drawings are : 

1. Line drawings made entirely with pen and ink. 

2. Smudge drawings, made with some kind of soft pencil, the marks of 
which can be smudged to produce soft tones of light and shade, 

3. Wash drawings in which water colours are applied by means of 
brushes. 

Each artist should select the method by which he can obtain the best 
results. Some may excel at all three types of technique, but a less versatile 
person may have to be content with perfecting one. Many artists combine all 
three in the same drawing. 

Line drawings arc usually made with black waterproof ink, applied 
with a fine pen to Bristol board or scraper board. Bristol board is the easier 
of the two to use, as its very smooth surface facilitates the drawing of fine and 
even lines. Errors can be erased by scraping the surface with a sharp scalpel. 
Scraper board consists of a cardboard faced with a smooth surface of cli.alk. 
When drawing with ink on scraper board, the nib must be frequently cleaned, 
as it is quickly dogged by particles of chalk picked up from the surface of 
the board. The advantages of scraper board arc the facility with whicli 
alterations can be made to the drawing by scraping away the incorrect part 
with the blade of a scalpel, and the fact that wliitc lines can be made by 
covering an area with ink, and then scraping the surface, when tlic ink has 
dried, with various tools designed for this work. If the original shading of 
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with a wad of cotton wool. Care is also needed to avoid smudging the part 
of the drawing already completed, while working on another area. The 
completed drawing must be sprayed with fixative to prevent further smudging 
when it is handled. After fixation, high lights may be added by applying 
Process white with a sable brush. 

Wash drawings can be made on a variety of surfaces, Whatman’s 
hotpressed watercolour board (see Appendix) is however particularly recom- 
mended, as this is one of the easiest surfaces on which to work. It consists 
of a fairly smooth paper, stuck to a stout cardboard backing, which prevents 
the paper wrinkling when it becomes wet. The drawing may be made with 
any dark pigment, but it is important to select one which is permanent, i.e. 
does not fade. For general work neutral dnl is recommended. This appears 
almost black when applied in concentrated form, but when diluted with 
water, gradually lightens to a pleasing bluish grey. 

A selection of sable water-colour brushes ranging in size from No. 00 
to No. 3 are required. It is essential that the brushes shall be of the highest 
quality. This is indicated by the springy nature of the sable hair, and by the 
very fine but firm point produced when the brush is wet. Windsor and 
Newton’s Scries 7 brushes are highly recommended. 

Although a wash drawing takes longer to complete than the same 
illustration would take if made in line or smudge, it has the advantage that bodi 
fine detail, and large areas of half tone can be produced with equal ease. Finer 
lines can be more accurately drawn with a No. 00 brush than with the finest 
pen, provided that the brush is used in the correct way. To draw really 
fine lines, the brush must be loaded with Just the right amount of paint, and 
the hairs pressed together by roiVwg the point in the palette. When making 
fine lines, the point of the brush must only just touch the paper, and the 
handle must slope in the direction of the intended line. The line should be 
drawn away from the body, even if this involves inverting the drawing. Half 
tones are applied by first covering the area with a faint even wash by means 
of a fairly large brush well loaded with fluid. When the first coat is almost 
dry, a second is applied to those prts it is desired to darken. Successive coats 
of slightly darker paint arc applied where required, but care is needed to 
prevent the paper becoming waterlogged, as then it no longer holds the paint. 

On the other hand, the paper must be kept slightly damp to avoid brush marks. 
The latter can be almost completely avoided by skilful work, but if they are 
present in the completed drawing they can be removed in three ways; either by 
gently rubbing the darkest part of the brush mark with a clean damp brush, 

F 
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any area by means of lines is too dark, this can be lightened by scraping 
svhtte lines over the black ones, or by scraping each black line to make it 
thinner. 


The principal drawback to the use of a line technique is the difficulty 
of representing smooth curved surfaces, as the drawing is composed 
entirely of lines and dots. Every effect has to be produced by variations of 
the thickness, direction, length and proximity of the lines, and the size, shape 
and proximity of the dots. This drawback can be overcome by making only 
the oudine of the drawing in line, and filling in the half tones with smudge 
or wash. But if this is done, the line drawing must be made on a board or 
paper which is suitable for the particular half tone technique employed. 
Neither Bristol board nor scraper board is suitable for smudge or wash 
techniques. 

Smudge techniques are usually applied by using either various grades 
of graphite pencil on a smooth hotpressed cartridge paper, or Wolff’s carbon 
pencils (see Appendix), or Conte drawing pencils (made in France), on a 
rougher-surfaced paper. Conte pencils produce particularly black tones. Fine 
lines are drawn with the harder pencils, and the tones applied by first lightly 
passing the side of the blunt point of a very soft pencil across the paper so 
that it makes comparatively light but broad marks, and then rubbing the 
marks, cither with special stubs, a small piece of cork in a holder, or a little 
pad made by tying up a small ball of cotton wool in a piece of chamois leather. 
The smooth tones produced in this svay arc gradually intensified by repeating 


the process. The drawing can be lightened by means of a rubber. Putty 
rubber is particularly suitable for this, as it can be squeezed into any shape, 
and its surface comes away very freely when it is used, so that a clean surface 
of rubber is always in contact with the drawing. Weldon Robert’s Graypoint 
eraser No. 365 (made in U.S.A.), consisting of a hard rubber enclosed in 
wood like the lead of a pencil, is also very useful at limes. 

Smudge drawings can be made on many different surfaces, but the surface 
chosen must be suited to the type of pencil used Generally shaking, when 

to avoid getting any ^ fingerprints may appear when llic half 

" ;;;^f HLver, grease’ean be removed with benaenc, apphed 
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with a wad of cotton wool. Care is also needed to avoid smudging the part 
of the drawing already completed, while working on another area. The 
completed drawing must be sprayed with fixative to prevent further smudging 
when it is handled. After fixation, high lights may be added by applying 
Process white with a sable brush. 

Wash drawings can be made on a variety of surfaces. Whatman’s 
hotpressed watercolour board (see Appendix) is however particularly recom- 
mended, as this is one of the easiest surfaces on which to work. It consists 
of a fairly smooth paper, stuck to a stout cardboard backing, which prevents 
the paper wrinkling when it becomes wet. The drawing may be made with 
any dark pigment, but it is important to select one which is permanent, i.e. 
does not fade. For general work neutral tint is recommended. This appears 
almost black when applied in concentrated form, but when diluted with 
water, gradually lightens to a pleasing bluish grey. 

A selection of sable water-colour brushes ranging in size from No. 00 
to No. 3 are required. It is essential that the brushes shall be of the highest 
quality. This is indicated by the springy nature of the sable hair, and by the 
very fine but firm point produced when the brush is wet. Windsor and 
Newton’s Scries 7 brushes arc highly recommended. 

Although a wash drawing takes longer to complete than the same 
illustration would take if made in line or smudge, it his the advantage that both 
fine detail, and large areas of half tone can be produced with equal case. Finer 
lines can be more accurately drawn with a No. 00 brush than with the finest 
pen, provided that the brush is used in the correct way. To draw really 
fine lines, the brush must be loaded with just the right amount of paint, and 
the hairs pressed together by rolling the point in the palette. When making 
fine lines, the point of the brush must only just touch the paper, .and the 
handle must slope in the direction of the intended line. The line slioulcl be 
drawn away from the body, even if this involves inverting the drawing. Half 
tones are applied by first covering the area with a faint even w.isli by means 
of a fairly large brush well loaded with fluid. When the first coat is almost 
dry, a second is applied to those parts it is desired to darken. Successive co.its 
of slightly darker paint arc applied where rcijuircd. but care is needed to 
prevent the paper becoming waterlogged, as then it no longer holds ilie paint. 

On the other hand, the p.ipce must be kept slightly damp to asoid brush marks. 
The latter can be almost completely avoided by skilful work, but if tlicy arc 
present in tlic completed drawing thc>' can Ik removed in three ways; cither by 
gcntlv rubbing the darkest part of the brush mark with a clean cbmp brush. 
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which removes a little of the paint; or by delicate cross hatching applied to 
the lightest part of the brush mark with a No. 00 brush charged with a small 
amount of paint of the required tone; or by gently rubbing the darkest part 
with a hard india rubber, after the paint is perfectly dry. 

When w'aier-colour drawings are being made, the greatest care must be 
taken to avoid the necessity for alterations after the wash has been applied, as it 
is difficult to apply svash smoothly to a surface roughened by erasion. Hou’ever, 
if alterations are necessary, the paint can be removed from an area by persistent 
gentle rubbing in different directions with a hard rubber. It is sometimes 
necessary to mix Process white with the neutral tint, to give the latter more 
body, when painting over such roughened surfaces. As in the case of smudge 
work, care must be taken to avoid getting grease from the fingers on to the 
surface of the paper to be used for a W'ash drawing, as this makes the 
application of even coats of paint impossible. 
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Whichever technique is selected for making the drawing, the initial 
procedure is the same. First a photograph is taken of the dissection from a 
sufficient distance to avoid excessive distortion. An enlargement is made of 
suitable size, which forms the basis of the drawing. It is advisable to make 
the drawings relatively large at first as, although this may increase the time 
it takes to complete the illustration, it also reduces the technical difficulties. 

Next a tracing of the outline and more conspicuous features is transferred 
to the paper or board on which the drawing is to be made. The general 
appearance of the finished drawing is greatly improved if the outline is 
corrected to remove any unintentional asymmetry in a bilateral dissection, and 
any post mortem distortion of structures. Next those anatomical details which 
it is desired to portray are carefully drawn in, with any modifications which 
will make the illustration clearer, without upsetting the general proportions of 
the different structures, and the anatomical relationships. When this stage 
has been reached, it is important that the drawing be very carefully checked, 
to observe if any inaccuracies of anatomical significance have been introduced 
during the previous work, as alterations at a later stage may spoil the appearance 
of the finished drawing. 

After this stage has been reached, the subsequent work depends on the 
technique employed and the particular style developed by the individual artist. 

If the completed drawing takes up too much room in the museum, a 
photographic copy, reduced to a convenient size, can easily be made without 
loss of detail. The best results in the case of half tone drawings are obtained 
by making contact prints from relatively large negatives, say 10 x 8 inches, 
on soft gradation panchromatic plates. The negative must be of just the 
right density to preserve the full range of half tones. If the drawing is to be 
reproduced photographically, only very light colours should be used to tint 
the arteries, veins and nerves, so that these structures will be reproduced in 
a light tone. They can then be brightly coloured in the photographic print 
by means of transparent photographic tints. 
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A TECHNIQUE FOR THE PREPARA HON OF 
HALF TONE ILLUSTRATIONS 

^ S the present writer neither enjoys the advantages, nor suffers from 
the handicaps, of art school training, it may be of interest to those in 
J. a similar position to know the details of his own personal technique. 

The drawings are made on Whatman’s hotpressed water colour drawing 
board (see Appendix). The half Imperial size measuring 15 x 12^2 inches 
is large enough for all drawings, and can be cut smaller as icquircd. Speera 
magnifying spectacles (see Fig. II, p. 35) ginng magnification of 1.75 
diameters are recommended for all fine work, as these eliminate eye strain. 

When the pencil oudine has been completed and checked, the outline of 
the principal structures is drawn jn with a Gillot’s 659 Crowquill pen, using 
Windsor and Newton’s Mandarin black waterproof carbon ink which has 
been diluted by the addition of 50 per cent distilled n-atcr. This enables an 
outline composed of very fine black lines to be made. The principal bundles 
of muscle fibres, lobulations of glands and fat are then drawn in with ink 
which has been diluted until it produces only faint grey lines. 

Next all traces of the original pencil lines arc removed with a paper- 
cleaning rubber, leaving a perfectly clean outline of the drawing, which 
includes all essential details. The arteries, veins and neiA’cs are now tinted 
lightly with water-colour paints in the conventional colours, as it is found 
that this makes the subsequent work easier to do satisfactorily. Figure 24 
shows a photograph of part of a dissection, and Figure 25 the completed outline 
drawing traced and modified from this photograph. 

The background to the vessels and nei^-es is now filled in with neutral 
tint, applied with sable brushes ranging in size from No. 00 to No. 3. All 
the detailed work is done \rith the finer brushes. No. 00 to No. I. The 
darkest parts are first covered with a ver)’ concentrated paint, so that they 
arc practically black. Then tlic rest of the detail is filled in area by area, one 
area being completed except for the final shading, before the next is 
commenced. It is found that the area first completed provides a guide which 
makes the subsequent work much easier. But it is better to err by making 
the whole drawing a little too light than too dark, as it is much easier to darken 
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Completed half tone anatomical tliawing of part of a museum dissection (compare with 
Figs 24 and 25) The original drawing was made twice linear this size 


must be removed by touching the neck of the bottle with the nib, so that 
excess of white runs back into the bottle. Failure to take this precaution 
may result in a blot of white on the drawing. 

Although it is a little difficult to use, it is well worth mastering the 
technique of reinforcing each black line with white, as this not only makes 
the lines stand out much more clearly, but also makes their presence interfere 
less with the view of the drawing. Finally the labels are stencilled in. 
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Figures 24, 25 and 26 show respectively, a photograpli of part of a 
museum dissection, the inked-in outline of a drawing, with the vessels and 
nerves tinted with colours, and a reproduction of a completed dniwing, made 
by the particular technique employed by the writer. The original drawing 
was made twice linear the size of this reproduction. 

If required for illustrating an article or a book, anatomical drawings 
made in line, smutige or wash arc all suitable for reproduction by means of 
blocks. Line drawings in black and white arc by far the cheapest to reproduce, 
and so should be used whenever they arc adequate. Colours should only be 
used when absolutely necessary to produce a clear illustration, as they add 
greatly to the cost of reproduction. 



PART III 

CASTING IN SYNTHETIC RESIN 



Chapter ij 

INTRODUCTION 

T he earliest recorded example of casts being made of an anatomical 
cavity are those of the cerebral ventricles by Leonardo da Vinci 
(1452-1519). Leonardo da Vinci used molten wax for this work, 
and it is interesting to note that he understood the physical problems involved 
sufficiently clearly to provide an escape hole for the fluid or air displaced 
by the wax. But as he had no method of hardening the brain before making 
the injection, the casts obtained bore little resemblance to the actual cavities. 

The introduction by Jan Swammerdam (1637-1680) of molten wax 
injection masses for filling arteries, veins and ducts, pointed the way to the 
preparation of corrosion casts, in which, after the injection mass has solidified, 
the original tissues are corroded away by means of some reagent which does 
not attack the cast. 

Although wax masses have the advantages that they can be brilliantly 
coloured and arc completely resistant to concentrated hydrochloric acid, which 
can therefore be used to dissolve the organic tissues, the casts produced are 
very fragile. It was therefore inevitable that the quest should continue for 
more suitable materials for making corrosion casts. 

The next substance to be used for this work was a low melting point 
metal alloy, with which Govert Bidloo (1649-1713) succeeded in making 
casts of the bronchial tree. Although metal casts are stronger than wax ones, 
there are two serious drawbacks to the general use of metal for this work, ft 
cannot be coloured before the injection is made to differentiate between the 
various structures, and its weight tends to distort thin-walled cavities filled 
with it. 

However, in spite of these drawbacks, until the end of the nineteenth 
century low-melting-point metals were the most suitable materials available 
for making corrosion casts, and this work was facilitated by the discovery of 
alloys of increasingly low working temperature. Outstanding among the casts 
made with metal were those of the cerebral ventricles made by Gustav Retzius 
(1842-1919). Some of the illustrations of these casts are still used in standard 
text books of anatomy; but Retzius himself emphasises the difficulty of 
producing a complete cast of the cerebral ventricles in metal, and states that 
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larger vessels is required, the viscosity of the injection mass is increased, so that 
it solidifies before reaching the very fine vessels. 

In 1936 Narat and others described the use of a vinyl resin, known 
commercially as Vinylite, dissolved in acetone, as a substitute for cellulose 
acetate. Vinylite casts are superior to celluloid ones, and this material has 
replaced celluloid and been extensively used for making corrosion casts, 
particularly of the ducts and vessels of the liver, and of the respiratory tree 
and vessels of the lungs. The work of Liebow and others (1947) on the 
lungs deserves special mention, as the practical details of a somewhat 
complicated technique are very clearly and completely described. 

The appearance in 1948 in England, and somewhat earlier in the U.S.A., 
of cold-setting synthetic unsaturated polyester resins, sold under such trade 
names as Marco resin and Castolite, opened up completely new possibilities 
in the sphere of anatomical casting. They make it possible to produce 
beautiful, rigid, coloured casts of any comparatively large anatomical cavity. 
The shrinkage of the resin during setting is negligible and, when fully 
hardened, it is strong and does not warp. Synthetic resin casts arc reputed 
to last indefinitely without deterioration. These resins may also be used for 
making transparent casts and for embedding delicate coloured casts in 
rectangular transparent blocks of resin for protection. They are not generally 
suitable for filling very small cavities such as blood vessels of internal diameter 
less than one milUn\etre as, unless special precautions are taken, they do not 
set hard in the latter, the setting being inhibited by the water in the walls 
of the vessels. 

For all the casting techniques described below, Marco resin 26 C (see 
Appendix) was used. The majority of them arc corrosion casting techniques, 
although in one case the original tissue (the brain) is dissected away instead 
of being dissolved. Other techniques included involve the construction of 
wax models, the construction of negative plaster moulds, and of reproducing 
an original wax model in resin. 

The one great drawback to the use of synthetic resins for making 
corrosion casts of the cavities of blood vessels and ducts is the impossibility 
of controlling exactly the extent of the injection. Consequently extensive 
pruning is necessary, as the cast of the fine branches obscures the view of the 
larger structures. In some cases the pruning is a very laborious task. However, 
the simplicity of the apparatus required, the consistently e.xcellent results 
obtained if these techniques are skilfully applied, and the permanency of the 
casts, provide ample compensation for this labour. 
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THE PROPERTIES OF THE RESIN AND ACCESSORIES 

M arco resin 26 C, manufactured by Scott Bader & Co. Ltd., has 
been used exclusively for all the casting techniques described below. 
This resin consists of a pale yellow transparent syrup, indistinguish- 
able in appearance from golden syrup. The manufacturers have succeeded 
in making samples of this resin almost water white, but so far the cost of 
refinement has been too great for water-white resin to be produced 
commercially. 

Between 10 and 40 per cent of a mobile colourless liquid, called 
monomer C, must be added to the resin before use, the amount used depending 
on the required viscosity. 

Polymerisation of the resin mixture is stimulated by adding catalyst 
H C H and accelerator E. For normal applications not more than 5 per cent 
of each of these reagents should be used. The catalyst is a white powder. It 
is dissolved in the monomer, which is warmed gently over a water bath, as 
the catalyst docs not dissolve readily in cold monomer. But the monomer 
must not be heated to a higher temperature than 40''C. After the catalyst 
has been dissolved in the monomer, the latter is incorporated in the resin. 

Immediately before use the accelerator £, which consists of a mobile 
violet liquid, is added to the resin mixture and very thoroughly stirred in. 
After the accelerator has been added the resin mixture darkens slightly. Then 
its viscosit) gradu.!!!)’ incrc.ises until the mi.xture gels. The pcrto<i of rime 
which elapses after the accelerator has been added until tl-jt resin gels is 
referred to as the working life of the mixture. Mixtures suitable for various 
applications can be prepared in which the working life varies troni ten minutes 
to several days, by adjustment of the catalyst and/or accelerator content, 
lust before the rc.sin gels, its colour becomes noticeably lighter, anti this 
colour change in certain circumstances gisxrs a valuable warning that the rc'in 
is about to gel. In the case of a mixture with a working life of more than 
an hour, there is little change in tcmjicnilure until the resin is on the jwjint of 
gelling. But as the working life of the mixture is shortened hy increasing 
the c.italvst and or accelerator content, the rise in tcmjicratiire wiiich t-ikes 
pl.Kc before the resin gels increases progrcsshcly (sec Fig. 2.S), 
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weight of resin, 20 parts by weight of monomer C, 4 parts by weight of 
catalyst H C H, and 4 parts by volume of accelerator E, at three different 
room temperatures (the composition of these resin mixtures can be 
conveniently written in the order above without actually naming the 
ingredients thus (100 : 20 : 4 ; 4)). It will be seen from these graphs that 
within the range of 15®C, to 25‘’C, an increase of in the working 
temperature almost halves the working life of the resin. In addition the 
graphs show that the rise in the temperature of the resin which takes place 
before it gels increases as the working temperature increases. 

In order to get the best results in many techniques, it is necessary to use 
resin mixtures which have a working life of about fifteen minutes, but which 
do not heat up to a temperature greater than about 30“C before they gel. 
This IS impossible to arrange if the room temperature is much above 20°C 
and therefore, if this work is undertaken in tropical countries, an air- 
conditioned laboratory is essential. 

No matter at what room temperature this work is done, a mixture with 
a working life of much less than fifteen minutes always heats up excessively 
before gelling, as shown in graph A in Figure 28, which represents the 
behaviour of a resin mixture containing an unusually large amount of catalyst 
and accelerator, polymerised at the normal room temperature of 20®C. 

It is advisable not to use these resin mixtures when the room temperature 
is below 18®C, owing to the increasingly noticeable and somewhat unpre- 
dictable effect a lower temperature has on the working life of the resin. 

If the resin sets in contact with water, the latter has a noticeable 
retarding effect on the rate of polymerisation. The water temperature must 
be raised about 5®C to compensate for this effect. 

It is convenient to make up the resin mixtures in units containing 100 g. 
resin. When the other ingredients have been added, this produces roughly 
100 ml. of resin mixture. Although resin, monomer and catalyst can be 
measured conveniently by weight, the accelerator is measured by volume, by 
means of glass pipettes, as in this way the desired quantity can be measured 
accurately and quickly. 

A rough estimate of the working life of any uncoloured resin mixture 
can be made in the following way. At a room temperature of 20°C the 
mixture ( 1 00 : 20 : 4 : 4) , has a working life of about 1 5 minutes. If either 
the catalyst or accelerator content is halwd, the working life is approximately 
doubled. Thus the working life of the mixture (100 ; 20 : 4 : 2) or 
(100 : 20 : 2 : 4) is 30 minutes while that of (100 : 20 : I : 1) is four 
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tiraixK A, H ano C shou ilie rue m icmfKraairc uhich takes j^jct (Jurtnjr f*!»ljnicns.itn n 
in three different Ntarco resin 26 C mixiurcs. ihc compcisiiion of wlrch is ind cated by the 
h;;urci in bMekeis tic lacii curtc The figures refer ro resin, jnononicr, catalyst { i fi { I 
and acccicrattir F. respectively, the first three l*emjj mcasurcti in yms , the tast in ml 
In iMih ease 50 ml v'crc allovscd to }H>lymcrisc m j 50 ml, iKaker, siandin^ in air. 
Stnpphnj; draos attention to the rue m temperatorc otiich oecurrccl in e.ich case, l<cfore 
ihc niisturc jicllcii <»r.ipii D shows the relationship l*eissecn the ssurkinj; life of the 
mixture .and the rise in icmpcraiurr ssineh «eiirs lieforc cnmiiienres 


liours. The monomer content of the mixture tlocs not noticeably effect the 
working life. 

Immediately after the resin mixinre h.is gelled, nr just before gelling 
takes pkacc in mixtures with a high catalyst and accelerator content (<ec 
Fig 28) there is an increasingly rapid exolution of heat, so that if a l.irge 
ma«"of resin is involved, and no special steps are taken to c<«I it. the 
teraperature may rise to over 200’C. The maximu.n tem,ser.,ture reaci.ed 
after gelling is not aflectcd much by the catalyst and accelerator content. Tins 
is ,tawn bv tire grapits A. ii and C in Figure 2S. However, by a.id.ng 
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less catalyst and accelerator, the actual rate of increase in temperature of the 
resin mass after it has gelled is slowed down. Consequently it is possible to 
polymerise comparatively large blocks of resin without excessive heating and 
the inevitable cracking which follows, provided that very small quantities of 
catalyst and accelerator arc added, and the resin is efficiently cooled. But 
the cooling must be sufficiently effective to prevent the temperature of the 
resin block ever exceeding as otherwise the reaction will almost certainly 

get out of control. 

Although the Iieat-producing phase of polymerisation of the resin is of 
relatively short duration, after this is completed the hardness of the resin 
continues to increase gradually for at least eight days at normal room 
temperature. The maturing process can be accelerated, without adverse affects 
to the properties of the resin, by placing it in an oven at about 45®C. 

The setting of the resin is inhibited both by air and water, so that any 
surface which is in contact with either air or water during polymerisation 
remains permanently tacky. The depth to which the tacky surface extends 
depends chiefly on two factors, the working life of the mixture and, in the 
case of water, the length of time the resin is in contact with water before it 
gels. Under average conditions, the tacky layer is quite a thin film, which 
can be removed by wiping the surface of the resin, when it is fully hardened, 
with a wad of cotton wool soaked in acetone. Acetone however should be 
applied to the resin only for a brief period as it has a damaging effect if 
applied for any length of time. 

The fully matured resin is considerably harder than Perspex, but much 
Jess tough and less flexible. In colour it is a very pale yellow, but quite 
transparent. The exact colour depends on the conditions under which 
polymerisation takes place. If it polymerised slowly, with a fairly high catalyst 
content, but with rather a small amount of accelerator, the bleaching effect 
of the catalyst results in less colour than when polymerisation is comparatively 
rapid, with less catalyst and more accelerator. If poIymeri«:ation takes place 
in sunlight the bleaching effect is very striking. 

Thin filaments of fully matured rc.’tin are very brittle when dry, while 
stout rods of it are strong and rigid. Flexibility increases noticeably if the 
temperature is raised to about SO^C or higher. When soaked in water the 
resm absorbs a small amount, and this also greatly increases its flexibility. 
Thin filaments of wet resin are comparatively flexible at room temperature. 
When placed in water at about 40“C or higher, they become very flexible. 

If immersed in boiling water until heated right through, even a comparatively 
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thick rod of resin can be easily bent to a limited extent by hand. If licld in 
this position until cold, the rod retains its bent shape. Unlike inch 
diameter Perspex rod, if a similar resin rod is bent through a wide angle, it 
is very likely to break, as it has little tensile strength when heated sufficiently 
{i.e. to about H0®C) to be really flexible, 

A more flexible resin can be produced by adding about JO per cent 
Crystic resin No. 182. This plasticising resin has a clear pale brown colour, 
so its addition affects the colour of the 2d C resin appreciably. But models 
made with resin plasticised in this way are much less likely to break when 
dropped, than those made with unplasticised resin. The use of the plasticiser 
is recommended only for casting models. The addition of 10 per cent Crystic 
resin 182 approximately doubles the working life of the mixture. 

The specific gravity of fully hardened resin is approximately 1.2. This 
is greater than that of resin which has just gelled, as approximately 2 per cent 
shrinkage takes place while the resin is maturing. 

The resin is very durable and is reputed to last indefinitely without 
undergoing any further change once it has matured. Tlicre is no known 
solvent for it at present. It exhibits a high degree of rcsist.mce to the following 
reagents ; concentrated hydrochloric acid, 50 per cent sulphuric acid, 95 per 
cent ethyl alcohol, benzene, formalin. When left in these reagents at room 
temperature for one month, the resin appears to be unaffected, provided that 
it was Jully matured before the test was started. 

The resin is attacked by the following reagents. Concentrated sulphuric 
acid corrodes it hiirly rapidly. Concentrated nitric acid rapidly c.iusc5 swelling 
and flaking; dilute nitric acid also attacks the resin, but less rapidly. A 
concentrated solution of sodium hydroxide rapidly causes swelling and flaking; 
a dilute solution attacks the resin slowly. Acetone causes swelling and 


crumbling of the resin. 

The resin can be coloured before use by the addition either of Crystic 
pigment pastes, or Crystic (wwdered pigments, supplied by the manufacturers 
of the resin. The former have been ground thoroughly into a low-viscosity 
icsin and are used by adsiing about 2 per cent to tlic resin mixture, if an 
intense eolour is required. If liKl't '™c is riesire.!, less p.te is M. Tl.e 
paste mixes perfectly svilh the resin, as the partteles of prsment arc fine am 
well dispersed. These pigment pastes however are asadalsle only in a hm.terl 


range of colours. 

Powdered pigments arc 
oiJcr to disperse the particles 


available in a wider range of colours. Imt in 
, which tend to cling together in lumps, the 
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powder must be ground into a paste with a little monomer, before it is added to 
the resin. After very thorough stirring the mixture is left for one hour in 
the beaker in which it was made up. It is then decanted into another beaker. 
Any large particles of pigment remain as a sediment at the bottom of the 
first beaker. 

Some pigments have an accelerating effect on the polymerisation of the 
resin, while others have a retarding effect; but provided that not more than 
1 per cent pigment powder, or 2 per cent pigment paste is added, this effect 
is in most cases negligible. 

The resistance of the various pigments to the concentrated hydrochloric 
acid used to destroy the organic tissues in corrosion casting techniques varies 
greatly. Provided the technique concerned is not one in which it is necessary 
for the resin to remain in strong acid for more than three days, the protection 
provided by the resin prevents the acid from causing much discoloration. 
However, as the resin is slightly permeable to water, it is also permeated by 
such aqueous solutions as hydrochloric acid. Consequenly if immersion in 
strong acid is prolonged, discoloration is produced at ever-increasing depth 
from the surface if pigments were used with little resistance to the acid. 

The importance of the discoloration is not always proportional to the 
depth to which it extends. It also depends on the nature of the discoloration. 
For example, red pigment paste B 214 is discoloured to a depth of O.I mm. 
after immersion of a block of resin in concentrated hydrochloric acid for a 
month at normal room temperature. After this period the surface of the resin 
is a dull grey colour. Although in the case of yellow paste B 258 the colour 
is destroyed to a depth of 0.2 mm. in the same period, the appearance of the 
block is little altered as a skin of transparent resin is left, through which the 
colour of the deeper layer shows. 

Vermilion (mercuric sulphide) can easily be mixed into resin, if it is 
first wetted with monomer. Although it gives a brilliant colour, and is 
completely resistant to hydrochloric acid, it should not be used to colour resin, 
as subsequent exposure of the resin to sunlight causes comparatively rapid 
darkening, even if the red resin is embedded in an outer cast of transparent 
resin. For techniques in which particularly good resistance to concentrated 
hydrochloric acid is required, red lake pigment powder Mil and blue pigment 
powder M 21 are recommended. These pigments also give a very pleasant 
contrast of brilliant colours. 

The resin can be sawn, either by hand or on the band saw. It can also 
be filed, and ground with abrasive papers such as waterproof carborundum 
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scalpel, though at this stage care is required to avoid pulling the new resin 
away from the old. When fully hardened the new resin can be filed, ground 
and polished. 

Before attempting to polish resin it should be smoothed with progressively 
finer grades of waterproof carborundum paper, finishing with grade 500 A. 
If a rectangular block is being smoothed the coarser grades can be used by 
fixing the sheet, by means of a strip of Perspex and a screw clamp, to a piece 
of plate glass resting on the table. The clamp clasps the edge of the table, 
the plate glass, the sheet of abrasive, and the strip of Perspex, so that all are 
held firmly, and the block is rubbed on the abrasive surface. Although the 
standard size of abrasive paper sold in the shops in England is 10 ins. x 12 ins. 
or even smaller, sheets can be ordered from the manufacturers approximate!}’ 

2 ft. X 3 ft. in size. When the coarse grades are being used, large sheets are 
more convenient than smaller ones. But when the finer grades are used, more 
satisfactory results arc obtained if the paper is wrapped round a block of cork. 
The finest grade should be applied by tearing off a small piece and pressing 
on it with the tip of a finger while it is being rubbed over the surface. Finally 
the surface is rubbed with a wad of wet cotton wool to which pumice powder 
has been applied, until a smooth matt surface is produced, and no scratches 
visible to the naked eye remain. It is important to produce a matt surface 
free from scratches before the resin is actually polished. Otherwise when 
most of the surface is polished, the scratches become conspicuous. 

The resin is more tedious to polish than Perspex, as it is harder. Polishing 
can be done either on a Jinishing machine, or on a buffing wheel to which a 
suitable polish has been applied. An excellent finish can be produced if the 
final polishing is done with a swansdown mop. 

In certain techniques the appearance of the cast can be greatly improved 
by giving it a coat of transparent resin, applied either by dipping, painting 
or spraying. If resin 26 C were used for this, the coat would never set but 
remain permanently sticky. Therefore Marco resin 28 C, which sets without 
a tacky surface in the presence of air, is used instead. 

Marco resin 28 C is somewhat similar in appearance to resin 26 C, but 
much less viscous. It is used in conjunction with monomer C, catalyst H C H 
and accelerator E. The mixture is made up in the same way as for the other 
resin. This resin is not suitable for general casting work, as it sets into a 
much harder polymer than 26 C, and so is more liable to crack. Also it is 
not sufficiently viscous for some applications. Although reputed to set with 
a completely tack-free surface, in the case of thin films of the resin applied as 
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scalpel, though at this stage care is required to avoid pulling the new resin, 
away from the old. When fully hardened tlic new resin can be filed, ground 
and polished. 

Heforc attempting to polish resin it should be smootlicd with progressively 
finer grades of waterproof carborundum paper, finishing with grade 500 A. 
If a rectangular block is being smoothed the coarser grades can be used by 
fixing the sheet, by means of a strip of Perspex and a screw clamp, to a piece 
of plate glass resting on the table. The clamp clasps the edge of the table, 
the plate glass, the sheet of abrasive, and the strip of Perspex, so that all are 
held firmly, and the block is rubbed on the abrasive surface. Although the 
standard size of abrasive paper sold in the shops in England is 10 ins. x 12 ins. 
or even smaller, sheets can be ordered from the manufacturers approximately 
2 ft. X 3 ft. in size. When the coarse grades are being used, large sheets are 
more convenient than smaller ones. But when die finer grades are used, more 
satisfactory results arc obtained if the paper is wrapped round a block of cork. 
The finest grade should be -ipplicd by tearing off a small piece and pressing 
on it with the tip of a finger while it is being rubbed over the surface. Finally 
the surface is rubbed with a wad of wet cotton wool to which pumice powder 
has been applied, until a smooth matt surface is produced, and no scratches 
visible to the naked eye remain. It is important to produce a matt surface 
free from scratches before the resin is actually polished. Otherwise when 
most of the surface is polished, the scratches become conspicuous. 

The resin is more tedious to polish than Perspex, as it is harder. Polishing 
can be done either on a finishing machine, or on a buffing wheel to which a 
suitable polish has been applied. An excellent finish can be produced if the 
final polishing is done with a swansdown mop. 

In certain techniques the appearance of the cast can be greatly improved 
by giving it a coat of transparent resin, applied either by dipping, painting 
or spraying. If resin 26 C were used for this, the coat would never set but 
remain permanently sticky. Therefore Marco resin 28 C, which sets without 
a tacky surface in the presence of air, is used instead. 

Marco resin 28 C is somewhat similar in appearance to resm 26 C, but 
much less viscous. It is used in conjunction with monomer C, catalyst H C H 
and accelerator E. The mixture is made up in the same way as for the other 
resin. This resin is not suitable for general casting work, as it sets into a 
much harder polymer than 26 C, and so is more liable to crack. Also it is 
not sufficiently viscous for some applications. Although reputed to set with 
a completely tack-free surface, in the case of thin films of the resin applied as 
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paper. These operations should always be carried out with the resin well 
wetted, as otherwise the room is filled with resin dust. 

A suitable resin mixture may be used as a cement for sticking two pieces 
of resin together. For this purpose a very viscous, rapidly-setting mixture is 
the most satisfactory. The following formula is recommended ; 

resin 26 C 100 g. 

monomer C 10 g. 

catalyst H C H 5 g. 

The ingredients are mixed as described on page 97. The mixture will 
then keep in the refrigerator in serviceable condition for at least a week. 
During this period the viscosity gradually increases and the working life 
decreases. 

When cement is required, a little of the mixture is placed in a small 
porcelain palette and one or two drops of accelerator E added and stirred in. 
The two ends of resin to be joined are brushed with acetone to soften their 
surfaces and then immediately wetted with the resin cement, so that it has 
the maximum time to soak into the two surfaces to be joined before it gels. 
The two surfaces are held in apposition (this can often be done conveniently 
by means of Plasticine) and more cement is applied to the gap between them 
when the resin is on the point of gelling, and consequently so viscous that little 
or none runs out of the joint. If coloured resin is being joined, the cement 
may be coloured also. 

The time the cement takes to get depends on the amount of accelerator 
added and the age of the cement. This lime should not be longer than fifteen 
minutes, unless the room temperature is well below ZO'C, or too little 
accelerator has been added. The working life of the cement can be substantially 
reduced by warming it. This can conveniently be done by directing on to it 
hot air from a hair drier. But care and experience are needed to avoid warming 
the cement too much, as the immediate effect is to make it less viscous and 
therefore more liable to run out of the joint, while the subsequent effect is to 
cause it to gel so rapidly that it may solidify before the joint can be properly 
filled n’ith it. 

It is equally simple to add to a piece of resin, by the use of the cement. 

A cavity is built by surrounding the place where it is desired to add restn, 
with Plasticine, which must be pressed very firmly against the resin to prevent 
the escape of cement between the resin and the Plasticine. When the rco’n 
cement is about as hard as Cheddar chccsc, it can be trimmed with .t sharp 
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scalpel, though at this stage care is required to avoid pulling the new resin 
away from the old. When fully hardened the new resin can be filed, ground 
and polished. 

Before attempting to polish resin it should be smoothed with progressively 
finer grades of waterproof carborundum jMper, finishing with grade 500 A. 
If a »-cctapgular block is being smoothed the coarser grades can be used by 
fixing the sheet, by means of a strip of Perspex and a scrcu' clamp, to a piece 
of pbte glass resting on the table. The clamp clasps the edge of the table, 
the plate glass, the sheet of abrasive, and the strip of Perspex, so that all are 
held firmly, and the block is rubbed on the abrasive surface. Although the 
standard size of abrasive paper sold in the shops in England is 10 ins. x 12 ins. 
or even smaller, sheets can be ordered from the manufacturers approximately 
2 ft. X 3 ft. in size. When the coarse grades are being used, large sheets are 
more convenient than smaller ones. But when the finer grades are used, more 
satisfactory results arc obtained if the paper is wrapped round a block of cork. 
The finest grade should be .ippHcd by tearing off a small piece and pressing 
on it with the tip of a finger while it is being rubbed over the surface. Finally 
the surface is rubbed with a w'ad of wet cotton woo) to which pumice powder 
has been applied, until a smooth matt surface is produced, and no scratches 
visible to the naked eye remain. It is important to produce a matt surface 
free from scratches before the resin is actually polished. Otherwise when 
most of the surface is polished, the scratches become conspicuous. 

The resin is more tedious to polish than Perspex, as it is harder. Polishing 
can be done cither on a finishing machine, or on a buffing wheel to which a 
suitable polish has been applied. An excellent finish can be produced if the 
final polishing is done with a swansdown mop. 

Ivi the. appeararvee of the casv be greatly improved 

by giving it a coat of transparent resin, applied either by dipping, painting 
or spraying. If resin 26 C were used for this, the coat would never set but 
remain permanently sticky. Therefore Marco resin 28 C, which sets without 
a tacky surface in the presence of air, is used instead. 

Marco resin 28 C is somewhat similar in appearance to resin 26 C, but 
much less viscous. It is used in conjunction with monomer C, catalyst H C H 
and accelerator E. The mixture is made up in the same way as for the other 
resin. This resin is not suitable for general casting work, as it sets into a 
much harder polymer than 26 C, and so is more liable to crack. Also it is 
not sufficiently viscous for some applications. Although reputed to set with 
a completely tack-free surface, in the case of thin films of the resin applied as 
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a finishing coat, the surface may remain very slightly tacky for several weeks 
or even months. Provided that the cast is protected from dust after being 
sprayed, this slight tackiness does not matter. But if it is desired to avoid 
any trace of tackiness, this can be achieved by placing the cast in an 
atmosphere of carbon dioxide before the resin sets and leaving it in this 
for several hours until the resin coat is quite hard. Full practical details 
concerning the use of this resin as a finishing spray arc given in the next 
chapter. 

The resins, pigment pastes (which arc made up in resin), monomer C 
and accelerator E have a limited shelf life. Provided that the temperature 
never exceeds 20®C (68®F) the resins will keep for about a year, if stored 
in metal tins (/.r. light proof). Bright daylight reduces the shelf life consider- 
ably, while direct sunlight may cause the resin to gel in a few days. 

Monomer C and accelerator E have a shelf life iinckr similar conditions 
of between three and six months; but if the temperature of any of these 
materials is allowed to rise above 20*'C, the shelf life is substantially reduced. 

Catalyst H C H and the powdered pigments keep indefinitely. 

If stored in a refrigerator at a temperature of about 5®C or less, the 
scr\*iccable life of these materials is verj’ greatly extended. Under these 
conditions all keep in goofl condition for at least a year. 

The resin remains usable as long as there arc no gelatinous lumps in it, 
and as long as there is no noticeable increase in viscosity. The monomer must 
only be used while it is a really mobile fluid. If it becomes even slightly 
viscous, it shouUl be disc.irdcd, .is it no longer mixes completely with the resin. 
The accelerator must be usctl only if it is a mobile violet fluid. If its viscosity 
increases to iliat of a thin oil, or if if turns green, it must be tliscarded. 
Altljough in the latter condition it promotes |>olymcrisalion. it makes 
uncolourcd resin cloudy. A further lest lor the accelerator is provided by 
running a little of it from a pipette into a beaker of acetone. If it is in gootl 
condition, llic accelerator mixes instantly wth the acetone, yielding a perfectly 
clear liquid; otherwise it produces a cloudy liquid. 

The resin, monomer and .accelerator must never l>c cxjwscd to sunlight, 
even for a few minutes. Sunlight not only reduces the shelf life of the 
componcnls. hm greatly accelerates jwlymcrisation of resin mixtures. 

Earli resin mixture is made up in a beaker, and the eom|>oncnts mint I)C 
vcr\' thoroughlv mixed This can be achicsed more cfiicicntly by stirring 
uiih a strip of Perspex, than with a glass stirring rtnl. Not only is the rn.xtng 
mate efficient, bnt. no matter how vigorously the mixture is stirred, there is 
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no risk of breaking the beaker. The edges of the Perspex strip should be 
polished, to facilitate cleaning after use. 

The resin mixtures are extremely messy substances to handle. They are 
best removed from the hands and apparatus cither by acetone, or by a suitable 
liquid toilet soap, such as Homacol (see Appendix). In each case the reagent 
is applied on a wad of cotton wool, which should be used only once. Acetone 
is applied directly to the cotton wool, but when liquid soap is used the cotton 
wool is first soaked in water and wrung out. Acetone must not be used to 
clean Perspex, as it attacks the latter. Pipettes used to measure the accelerator 
are cleaned in acetone, as the accelerator is freely soluble in this reagent. 
Glassware contaminated with resin which contains catalyst and accelerator is 
best cleaned by first allowing the resin to gel, and then boiling in water 
containing about 1 per cent Homacol for an hour. After the water has cooled 
to the room temperature, the hardened resin comes away easily from the glass. 
Resin which sets in rubber tubing can be expelled about half an hour after 
the resin has solidified, before it gets really hard, by connecting one end of 
the tubing to the tap, and running water through it. The water stretches the 
rubber so that the resin is freed and then expelled. The inside of the rubber 
tube is cleaned by forcing through it, by means of water from the tap, 
a number of small wads of cotton wool soaked in acetone. 

Owing to the limited shelf life of the components of the resin mixtures 
when stored at a temperature which never e.xcccds 20*C, and the very much 
reduced life of the monomer and accelerator if exposed to higher temperatures, 
even for a few hours, these materials cannot be transported and marketed by 
ordinary retailers. They must be ordered direct from Scott Bader & Co. 
(see Appendix). This firm will supply the materials directly, or arrange for 
their supply from a company manufacturing them under licence. 

The materials are not normally supplied by the manufacturers in the 
comparatively small quantities needed for this work. They have made up 
a special anatomical kit for those who wsh to do this work, and have included 
in this kit suitable quantities of the various components which may be required, 
for use with a unit of 4 quarts (12 lb.) of Marco resin 26 C. 

If additional components are required, the worker should contact the 
firm of Scott Bader & Co. Ltd. before ordering, to find out in what units these 
should be ordered, to facilitate packing and dispatch. 

The transport of these materials to some parts of the world is costly, as 
it is essential that they travel to hot countries in cold storage, or by air by 
night service. The risk of the materials being ruined in transport, or of their 
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subsequent shelf life being greatly reduced, can in some cases be eliminated 
by ordering them during the writer. Provided that they arrive in perfect 
condition, and are kept in a refrigerator until required, they will remain in 
perfect condition for at least a year. The resin itself will keep in the 
refrigerator for over two years. 



Chapter ij 

THE GENERAL PRINCIPLES GOVERNING THE 
USE OF THE RESIN FOR CASTING 

1. INTRODUCTION 

T he purpose of this chapter is to describe the practical details of the 
general procedure common to many specialised techniques, so that 
it may be omitted in subsequent chapters. It is therefore essential that 
the worker who intends to apply any of the techniques described in subsequent 
chapters shall also be well acquainted with the relevant parts of the present one. 

Remarkably consistent results can be obtained with Marco resin 26 C, 
but frequent failures will be encountered unless the reasons for the various 
operations are clearly understood. Although basically simple, to produce the 
best results this work has to be done intelligently; it is not enough just to 
follow blindly the instructions given. Therefore a special effort has been made 
to explain the reason for each detail of procedure, so that, if something goes 
wrong, the w'orker will be able to diagnose correctly the cause of failure. Then 
it is not difficult to avoid making the same mistake again. Those who under- 
take this type of work must realise that the results arc not a matter of hit 
or miss. 


2. CASTS OF BLOOD VESSELS AND DUCTS 

These can be made from a limb, or such viscera as lungs, liver, kidney, 
spleen, brain, heart, etc. A short length of Portex polythene tubing (or Portex 
vinyl V.Y. standard tubing for sizes larger than 7.5 mm. internal diameter) is 
first tied very securely into the end of each of the t'cssels or ducts which are 
later m be filled with resin. Linen carpet thread is ideal for tying the cannulae 
in position, as it is very strong but does not cut into the tissues. The largest 
size of cannula which fits easily is used, as this facilitates the flow of the 
relatively viscous resin used for all the injections. Care is sometimes needed, 
when inserting cannulae into the vessels of organs taken from old subjects, to 
avoid pushing in a piece of the intima (the inner wall of the vessel), so that it 
forms a plug inside the vessel, as in many old subjects the attachment of the 
intima to the outer wall of blood vessels is extremely weak. Although such 
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a plug may not obstruct the vessel sufficiently to impede the injection of fixative, 
it may seriously retard the flow of the resin. 

Portex polythene tubing is preferable to glass for several reasons. 
Although the former is semi-rigid, its limited flc.xibilty facilitates manipu- 
lations during the injection, but its principal advantage is that, unlike 
glass cannulae, if a polythene cannula is securely tied in, it rarely slips out. 
This point is particularly important as, when a resin injection is being under- 
taken, in order to obtain the best results it is essential to inject the resin at the 
latest possible moment before it is expected to gel. Consequently if a cannula 
slips out during the injection there is seldom time to reinsert it before the resin 
gels. Polythene cannulae can be cut through with ordinary scissors, soon after 
the resin has solidified. When the resin is really hard a polythene cannula can 
be easily removed, as the resin does not stick to it. A glass cannula 
may have to be broken before it can be removed from tlic cast. 

Porlex polythene tubing cannot be directly attaclicd to other a]>paralus, 
owing to its lack of elasticity. Consequently the cannula is first attached to a 
short length of rubber tubing, of internal diameter such that the latter can be 
easily connected to whatever apparatus is used subsequently for wasfiing out 
the vessels, fixing the material, and for the injection of the resin. If the 
polythene cannula is too slender to fit firmly into the rubber tubing, the external 
diameter of tlic former is increased by rolling a suitable length of zinc oxide 
sticking plaster round its end. The roll of sticking plaster is bound witli 
button thread or Cliincsc twist before u is inserted into tlic rubber tube, as 


otherwise the roll may come undone. The outside of the joint is firmly tied 
with fine string. Figure 2, p. 7 illustrates the method of connecting a 
polythene cannula to a length of rubber lube . The polytlicnc cannula, with 
the rubber tube attaclicd to it, is not removed from the vessel until the resin 


injection has been completed. If in subsequent work appratus is used which 
requires citlicr a larger or a smaller size of rubber tube to connect it. the 
simplest way of making the joint is to select a size of rubber tube which will 
cither fir outside or inside the rubber tube alrcatly attached to the cannula. 
After the joint has been made by sliding one piece of tubing inside the other, 
it is firmly tied with fine string. If properly made, such joints arc quite 
icliabk rven if a considerable injection pressure is later exerted. 

After cannulae liavc been tied into all vessels and duels ssliiclt jte later 
,„be fslled svitl. resin, the organ is immersed in cold syaler and n.anipulatetl 
«, Its to remove any air trapped in the vessel, ami cannulae. Ad,u,table seresv 
damps (see Flu p- 7) arc then fitted to the rttWter tubing altaehr.l to each 
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of the cannulae, and these are subsequently always tightened before the organ 
is removed from fluid, to prevent any air from entering, and causing air locks 
which may obstruct the flow of the resin. 

Next, the blood is washed out of the vessels later to be filled with resin. 
In the case of organs, this is done by injecting a large quantity of cold 
deaerated water into the arteries and allowing it to escape via the veins. It 
is also desirable to wash out ducts such as the bile duct with water. In the case 
of a limb normal saline must be used instead of water, as the latter makes the 
part waterlogged. Sodium citrate must not be used, as the citrate inhibits the 
setting of the resin. It is necessary to deaerate the water before injecting it, 
as tap water is frequendy supersaturated with air, some of which otherwise 
comes out of solution in the vessels which arc being washed out. The water 
can be conveniently deaerated in a 15 litre aspirator, by means of the water 
vacuum pump. It can be run into the vessels directly from the aspirator by 
gravity flow in those cases where quite a low pressure is needed, or by means 
of an enema syringe, if a greater injection pressure is necessary. 

Although it is not essential to fix the organ before injecting it with resin, 
it is advisable to do so (except in the case of the spleen) for several reasons. 
The organ is easier to handle after fixation and it keeps its shape better as a 
result of slight hardening of the tissues. But the most important advantage 
is that the injection of the resin can then be undertaken at leisure, and as 
much preparation as possible made the day before, so that the actual injection 
is unhurried. The material may be fixed cither with 5 per cent formalin, 
of 70 per cent spirit; but if spirit is used, all traces of it must be washed out 
before the resin injection is made. Failure to do this may result in resin soaking 
excessively into the walls of vessels. If this happens, the cast of the cavities 
of the vessels is marred by resin-impregnated walls of vessels adhering to it in 
places. A limb must not be fixed in spirit, if the vessels are to be filled with 
xesin, as it is impossible to wash out all the spirit before the resin injection 
is undertaken. 

It is not advisable to leave the fixed material longer than a week before 
injecting the resin, as in some cases this leads to excessive hardening of the 
tissues, so that the flow of the resin is impeded. While the material remains 
in the tank of fixative, some of the latter is injected by means of an enema 
syringe every other day into all vessels or ducts later to be filled with resin. 
This prevents small particles of clotted blood collecting into comparatively 
large clots, which would obstruct the flow of the resin. 

Spirit is washed out of an organ, the day before the resin injection is 
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In most cases the resin mixture used for filling vessels and ducts should 
have a working life of about fifteen minutes, as this gives sufficient time to 
complete the injection, and yet the mixture does not heat up excessively before 
it gels (see Fig. 28, p. 100), The only exception to this rule is when a cast is 
required of exceptionally fine vessels. In this case the most important considera- 
tion is to reduce the inhibition due to water to a minimum. This is achieved by 
using a mixture with a working life of ten to eleven minutes. 

Before resin mixtures are made up, the formula of each, based on units 
of 100 g. resin, and multiplied by the necessary factor to give the total 
quantities required, should be written down and carefully checked. 

Before the actual injection, a careful test should always be made to 
determine as accurately as possible the working life of the particular resin 
mixtures to be used. If more than one system is to be injected, the injection 
should be so timed that all the different resins injected gel at the same moment. 
For example, if the tests indicate that one mixture has a working life three 
minutes longer than the other, the accelerator is added to the mixture with the 
longer working life three minutes earlier than to the one with the shorter 
working life. Then the two mixtures will gel simultaneously. 

The test to establish the working life of a resin mixture is made in the 
following way. Suppose the following mixture is to be used : 


Marco resin 26 C 

100 g. 

Monomer C 

15 g- 

Catalyst H C H 

4 g- 

Pigment paste 

2 g- 

Total weight 

121 g. 

Accelerator E 

4 ml. 


If it is estimated that, to allow for resin in the apparatus when the injection is 
completed, wastage by leakage etc., 300 ml. resin mixture are required, 4 units 
of the above mixture are prepared. Then one unit, i.e. 121 g., is weighed out 
into a beaker and, shortly before the injection is made, one unit of accelerator, 
t.e. ^ ml., is added to this test sample and very thoroughly stirred in. Tlie 
working life of this sample is determined, care being taken to ensure that 
it polymerises under the same conditions (particularly with regard to 
temperature) as those under which the rest of the mixture will be used. 
When the accelerator is being stirred in, the beaker containing the resin should 
II 
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never be clasped in ihe palm of the hand, as this may cause it to be warmed up 
several degrees above room temperature. 

In the case of the resin mixture used for the injection, after the 
accelerator has been added and thoroughly stirred in for two minutes, the 
mixture is allowed to stand for a minimum i>eriod of two minutes in the 
beaker in which it was made up, to allow the larger air bubbles to rise to 
the surface, before it is transferred to the injection apparatus. Small air 
bubbles remaining can be ignored in this type of work. 

Provided that the injection apparatus is connected to the vessels, and its 
position carefully adjusted before the accelerator is added to the various resin 
mixtures to be used, mixtures with a working life of fifteen minutes allow 
adequate time to complete all vascular injections before the resin gels, though 
in some cases, as for example a quadruple injection of the liver, or a triple 
injection of the lungs, it is necessary to have two operators svorking as an 
efficient team, to mix in tlic accelerator, and fill the apparatus with resin, 
lleforc alicmpting a triple or quadruple injection for the first time, it is 
advisable for the two workers to rehearse the whole procedure in llic greatest 
detail. And before the final work, which starts when the accelerator is added 
to tlic resin mixtures and terminates with tlic gelling of the resin, is commenced, 
llic exact limes at wliich the accelerator is to be added to each resin mixture, 
the time ar which the injection is to be commenced, and tlic time at which the 
resin is expected to gel. should all be clearly written down, and placed in a 
prominent place on the work bench, so that they can easily be referred to. 
It is unwise to trust liicsc vit.il facts to memor)*. 

As the resin is left in ilic injection apparatus until it solidifies, tlic 
.ipp.iratus must cither be so constructed lliai solid resin can be removed from it 
or so che.ip that it can be thrown aw.iy after use. as there arc at present no 
soKcnls available to dissolve the resin once it has solidified. 

In certain specialised techniques a relatively large amount of resin is 
in)ccird at a very low injection pressure. In these cases tlic most suitable 
apparatus consists of a glass or |>olytlicnc funnel, wliicli is held by means of 
a retort stand and clamp hctss-ccn six ami isstIvc inclics above the organ 
which IS to l>c injected, and connected by means of rubber tubing, as sliown on 
the left side of Figure 29. Hut in the majority of cases where blood vessels 
or diuts arc to l>c filled with resin, only a rcbtivcly small quantity of resin 
is requires! to fill them, am! an apparatus must l>c used which allows the 
\olumc of resin injected to Ik o!»scr\cd more accurately than is {xissible wlicn 
a funnel ts used, as iliis giscs tlic most reliable imlication of the success of the 
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Fic 29 

T^vo types of apparatus for the injection of resm .nio anatom'ca] specimens 
The funnel type is used where a relatively large volume of resin is to be run 
in at a very low injection pressure A special type of funnel is also illustrated, 
which is particularly suitable for making casts from the lungs This funnel 
consists of a sintercct glass filter, before the filter has been fixed into it These 
funnels can be ordered from the makers of sintered glass funnels 

The Standard injection apparatus is used vvhere relatively small quantities 
of resin are to be injected It enables a considerable injection pressure to be 
applied by means of an enema syringe The flow of quite a small quantity 
ot resin is indicated clearly by the fall in the level of the resin m the glass tube 


injection. There must also be some method by which, when the progress 
of the injection is inadequate by gravity flow alone, the flow of resin can be 
accelerated by the immediate application of considerable additional injection 
pressure. 

A simple apparatus which fulfils these requirements is shown on the 
right side of Figure 29, and is referred to for convenience as the Standard 
injection apparatus. In this apparatus die resin reservoir consists of a one to 
two feet length of glass tube, of 2 cm. internal diameter, which is held 
vertically by means of a retort stand and clamp. The lower end of the tube 
is drawn out so that it fits into whatever rubber tubing is already attached to 
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the polythene cannula. This end is slightly flanged so that a really secure 
joint can be made when the rubber tube is tied to it. In some cases the 
adjustment of the glass tube is facilitated if its lower end is bent. 

When this apparatus is used, gravity flow is often adequate to obtain a 
complete injection, though to maintain sufficient injection pressure by this 
means a fairly long tube may have to be used, and it may be necessary to 
top up the resin in it frequently to maintain an adequate head of pressure. 
But additional pressure can be exerted by pumping air into the top of 
the glass tube by means of an enema syringe. The delivery nozzle of 
the enema syringe is inserted into a hole passing through the centre of 
a rubber bung which fits the tube. When pressure is required to accelerate 
the flow of resin, the rubber bung is pressed into the top of the glass tube and 
held in position with one hand, while the bulb of the syringe is operated with 
the other. The rubber bung should not be tied in position, owing to the delay 
caused in removing it, if it is necessary to top up the resin in the glass tube. 
A single enema syringe can be used to accelerate the flow of resin in several 
tubes which are being used at the same time, by alternately applying pressure 
first to one and then to the other. A clear warning is given of excessive 
pressure by the greatly increased effort needed to compress the bulb of the 
syringe, and by back-flow of resin into the glass tube, when the pressure is 
released by removing the rubber bung by which the syringe is connected to 
the glass tube. 

As It would be impossible to apply injection pressure by means of the 
enema syringe if the top of the glass tube were split when the rubber bung 
was pressed into position, the rim of the tube is slightly opened after the glass 
has been softened in the flame. This ensures that the bung does not press 
against the rim of the glass tube, and reduces the risk of the glass splitting. 

The injection is made in the following way. First the clamp attached to 
the rubber tube which connects the polythene cannula to the injection apparatus 
IS closed. Surplus water in the end of the rubber tube is lipped out, and the 
tube IS attached to the injection apparatus. If there is any possibility of 
injccijon pressure being later exerted by means of the enema syringe, all joints 
in the rubber tubing must be securely tied. The apparatus is carefully adjusted 
so that the organ just touches the bottom of the sink or basin in which it is 
imnicrseil in warm water. The temperature of the water is checked and 
adjusted if necessary. An inspection is made to sec that no vessels arc either 
twisted, or dragged by the injection apparatus out of their natural position. 
The temperature of c.ach of the resin mixtures is checked and, if found to 
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be above room IcmiKraturc, it must be cooled down to this level before use, 
or it will have a shorter working life than the test sample. 

When everything is ready, and the lime at which liic accelerator is to 
be added to each resin mixture, the time at whicli the injection is to be 
commenced, and the time at which all resin njixturcs arc expected to gel, 
have been written ilown in such a way that these figures can be instantly seen, 
previously measured quantities of accelerator E arc added to each of the resin 
mixtures and very tliorougitly stirred in for two minutes. Tiien the mixtures 
arc allowed to stand for as long as possible before being jwured into the 
injection apparatus. This not only gives the maximum time for air bubbles 
in the resin to rise to the surface, but a\oids the risk of premature gelling of 
resin in tlie rubber tubing close to the specimen, which might occur if the 
resin were poured into the injection apparatus several minutes before the 
injection was due to be commenced, owing to tliis tube being immersed in 
warm water. 

After the injection apparatus has been filled with resin, the rubber tubing 
is compressed in such a way as to expel any air trapped in it. The injection 
is commenced by releasing ilie clamps. If several different-coloured resin 
mixtures arc being injected, as for c.xampic in a quadruple injection of the 
liver, ir is advis.able to stare all simultaneously. If it appears necessary, 
additional pressure is applied by means of the enema syringe. The tubes arc 
topped up if thr level of the resin falls considerably. A check is made to see 
if there are any serious leaks of resin, which can be controlled by the applica- 
tion of artery forceps. The progress of the injection is judged by the quantity 
of resin which flows into the organ, due allowance being made for that 
required to fill the injection cannula, and any resin which has been lost by 
leakage. A fall of 1 cm. in the level of the resin in the glass tube represents 
an injection of approximately 3 ml. When filling large vessels, a low injection 
pressure I's always adequate, and the unnecessary application of additional 
pressure makes the organ so impregnated with resin that it is difficult to remove 
the macerated tissue from the cast of the cavities of the vessels. But in the 
case of small vessels a much higher injection pressure is necessary, and there 
is no risk of undesirable consequences resulting from the use of an 
unnecessarily high pressure. 

There are two methods of establishing when the initial injection has been 
successfully completed: by previous knowledge of the approximate quantity 
of resin required to fill the vessels, and by a sharp falling off in the rate of 
flow of resin, even when a considerable pressure is exerted (in the case of 
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small vessels). The apparatus is left connected until the resin has gelled so 
that, after the initial injection has been completed, resin lost by leakage and 
through soaking into the tissues may be replaced by gravity flow from the 
reservoir of resin. 

About half an hour after the resin has gelled, the polythene cannulae arc 
cut through with a strong pair of scissors. If the Standard injection apparatus 
has been used, the glass tubes, now filled with solid resin, arc discarded. It 
is possible to expel the resin from the rubber tubing, if the labour of salvaging 
this for future use is considered worth while (see p. 107). If polythene funnels 
were used as reservoirs for the resin, they must be immersed in cold water 
immediately the resin in them feels hot to the touch, as otherwise the heat 
generated by the resin during this phase of the polymerisation will ruin them. 
After the resin is quite hard, it can be easily removed from polythene funnels. 
Resin can be removed from glass funnels after it has set, provided the latter 
do not have any constriction m their stalks. 

In the case of an injected limb, which is to be dissected, this work can 
be commenced two days after the resin injection has been completed. When 
such a specimen is dissected, the walls of ihc vessels can be stripped completely 
away, leaving a coloured cast which is much more conspicuous than vessels 
filled with a coloured mass. 

If the tissues arc to be corroded away, the specimen must be left for at 
least eight days before it is placed in acid, as otherwise the acid used to 
dissolve the tissues attacks the lesin also. During this period the specimen is 
left in water in a fairly warm room. Maceration in acid is quicker if some 
decomposition takes place during this period. But if it is necessary for the 
sjiccimcn to remain in a room svhcrc the unpleasant smell would be 
objectionable, decomposition can be prevented without risk of damage to the 
resm by keeping the injected specimen in 2 per cent formalin. 

Tiic tissues of the organ arc dissolved by immersion in concentrated 
hydrochloric acid. Either a glass accumukntcr jar or a Perspex box provitles 
a suitable container for the acid. The organ is lowered into the acid on a 
Perspex tray, with Perspex handles projecting above the acid level, as this 
facilitates lifting the macerated specimen out of the acid without the risk of 
damage to some delicate part. When first immersed, all organs float in the 
acid. They sliould either be turned over from lime to time until they sink, 
or che totally immersed by placing suitably bent strips of perspex over them 
to weight them down, as oihcnvisc maceration of the part projecting abo\c 
the acid is considerably delayed. A well-fitting cover must be provided for 
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the add bath, as acid fumes cause sc\'crc rusting to dissecting instruments, even 
if they are made of stainless steel. Tliis happens even when the concen- 
tration of acid fumes is far less than that necessary to cause any discomfort to 
those working in the laboratory. 

Although concentrated hydrochloric acid has no effect on fully matured 
resin, it slowly attacks some of the pigments used to colour the resin. There- 
fore an organ injected with coloured resin should only be left in the acid 
bath for the minimum period necessary for the organic tissues to be fully 
macerated. This varies from twenty'-four hours to several days, according both 
to the size of the organ, and to whether the acid is full strength, or has been 
weakened by previous use. 

When the organ appears to be completely macerated, at least on the 
outside, it is removed from the acid bath, and immersed in cold water in the 
sink, with the cold tap left on. A length of rubber tube is attached to the 
delivery nozzle of both the cold and hot taps, to avoid splashing and to enable 
jets of both hot and cold water to be directed as required during the washing 
of the cast. Before this work is undertaken the hands should be protected 
by a suitable barrier cream such as Innoxa B.W.2. This is the same cream as 
is recommended for protection against formalin. If applied carefully in strict 
accordance with the manufacturers’ instructions, a high degree of protection 
is afforded against hydrochloric acid. 

The macerated tissues are washed from the cast by directing a jet of 
hot water (or, in the case of delicate casts, cold water) on to the specimen 
while it is held immersed in cold water. The force and size of the jet are 
regulated by adjustment of the tap, and by partially compressing the end of 
the rubber tube attached to the latter. The most powerful jet is used which 
docs not cause serious damage to the cast. The best results are usually 
obtained by directing the jet from above the level of the water m which the 
specimen is immersed. This causes the jet of water to draw down a large 
amount of air, which helps to float away the macerated tissues detached from 
the cast. 

Washing is continued until no more macerated tissue can be removed 
from the specimen. If the water in the «ink becomes too dirty to observe the 
cast clearly, and to see immediately if the jet of water is causing damage, the 
specimen is removed and placed in a basin of cold water, while the sink is 
emptied and refilled with clean water. During the final stage of washing, 
it IS sometimes advantageous to fit a glass cannula to the end of the rubber 
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tubing, so that a strong jet of water can be directed on one particular area 
at the centre of the specimen. 

Incomplete maceration is indicated by the presence of recognisable tissues, 
which cling tenaciously to the cast, even after thorough washing. An 
incompletely macerated specimen is returned to the acid bath for a further 
twenty'four hours, and then washed again. 

If the original tissues have been impregnated with resin, they 
cannot be removed by washing alone, even after complete maceration. Resin- 
impregnated tissue is converted by the acid into a substance of crumbly 
consistency, which has to be dissected away. While this work is being done, 
the cast is held over a basin of warm water by means of a clamp and retort 
stand, and is kept wet by frequent basting with water. If it is desired to 
increase the flexibility of the resin, or soften the material being dissected away, 
the temperature of the water is increased to ^O^C. It is unwise to use water 
hotter than this, as it may result in the cast becoming warped. However, 
if this should happen, the cast can be restored to its original shape, by 
immersing it in very hot water until it is quite flexible, and then by holding 
it in the desired position while it cools and becomes rigid again. 

The dissection of macerated tissue is carried out by digging it away with 
a very large needle fixed to a handle (sec p. 42). Meindoe’s dissecting 
forceps (Fig. 9, p. 29) are also very useful for this work. After some of the 
crumbly tissue has been removed, a great deal more will have been loosened. 
This is removed by washing the cast. 

Whether or not any dissection is necessary, casts made of synthetic resin 
always require extensive pruning, as there is no way of making the injection 
self-limiting. Resin always fills some of the finer vessels and the casts of 
these have to be pruned away to show the larger ones. The pruning can 
usually be done with a pair of long curs'cd opthalmic scissors (see Fig. 8, p. 28), 
with the cast kept wet with water at about 35’’C. If cold water is used, 
not only may the resin be inconveniently hard to cut with scissors, 
but the little pieces cut off arc liable to fly into the pruncr’s eye. In some 
cases it is easier to prune the cast by breaking off the twigs with dissecting 
forceps. It is hazardous to do such pruning by pulling the twigs away; they 
should be broken by bending them at right angles to the main branch. Until 
the pruning has been completed, the cast shouk! be left at night immersed 
in water, to protect it from damage. 

When both dissection and pruning arc necessary, the normal practice is 
first to dissect the outer tissues, and then prune this area, before proceeding 
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to deeper dissection, as pruning of the periphery of the cast facilitates deeper 
dissection. 

The difficulty and labour of dissecting away macerated tissue and pruning 
the cast vary enormously, according to the particular organ injected, the 
number of systems injected in the same organ, and the skill and judgment 
with which the resin injection was made. For example, a triple cast of the 
portal vein, hepatic artery and bile duct, should require no dissection at all, 
if the injection was made correctly. But if a quadruple cast is being prepared, 
composed of the above-mentioned systems plus the hepatic veins, a great deal 
of dissection is unavoidable. To those inexperienced in this work the 
difficulty of dissecting the macerated tissues away from the cast without 
serious damage to the latter may in this particular case appear to be insuperable. 
However, all that is really needed is faith and patience. The worker must 
become reconciled to the idea that the dissection and pruning of the cast may 
take up to two weeks to complete. And such work must never be continued 
when symptoms of fatigue or impatience appear. These are at once apparent 
to an experienced spectator, by the increasing violence with which the work 
is being tackled; unfortunately the worker himself is not always immediately 
aware when the time has come to take a rest. 

If any important branch of the cast is broken, it can be cemented in its 
original position with resin cement made up and applied as described on 
page 104. The two ends to be joined arc dried, and the branch is held in 
position by means of a few small wads of cotton wool, which are supported 
by neighbouring branches. Considerable patience and legerdemain arc 
needed to fix the branch in the correct position. After a branch has been 
repaired in this way, the cast is left overnight with the actual joint nor 
immersed in water, as water has an adverse effect on the hardening of the 
cement. 

When the pruning has been almost completed, there arc always a large 
number of minute twigs which would be exceedingly tedious to remove by 
the method described above. The cast is therefore allowed to dry, and then 
the twigs, wliich become rigid and brittle, arc broken off by pressing against 
them with the end of a slender probe. 

The pruned cast usually requires a certain amount of cleaning. This is 
nccccs.iry partly because its whole surface may be covered by a film of resin, 
the 'Citing of which u'as inhibited, and which ha' in consequence been 
atweked and discoloured by the acid. In addition, the remains of the walls 
of vessels, impregnated with resin, may still adhere to parts of the cast. The 
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need for cleaning the cast is judged by its appearance when thoroughly wet. 
When dry the cast is invariably covered by a whitish bloom, which is made 
invisible in the last stage of the technique by spraying with a resin mixture 
which acts as a clearing agent. 

If the appearance of the cast, even when it is wet, is not entirely satis- 
factory, there are various ways by which it can be improved. Particularly 
noticeable whitish areas are removed by scraping away the whitish surface 
film, but the labour required to treat the whole cast in this way would be 
excessive. Consequently other less effective, but also less laborious methods must 
be used. Each of those recommended below should be tried in turn. 

Much of the surface film sometimes flakes off, if the cast is alternately 
immersed in water as hot as can be used without risk of damage, and then 
allowed to dry. The exact temperature of the water depends on the nature 
of the cast. If it is to have a noticeable effect this treatment may have to 
be repeated many times. 

When no further improvement is produced by treatment with water, the 
same procedure can be adopted, using hot industrial spirit (95 per cent ethyl 
alcohol) and then cold benzene as the washing agent. 

Occasionally a remarkable improvement can be achieved by immersing 
the cast m clean concentrated hydrochloric acid overnight; but this treatment 
should not be used if one of the pigments by which the resin was coloured 
is known to have a poor resistance to acid. 

The final means by which the general appearance of the cast can 
sometimes be improved is by immersion overnight in hydrogen peroxide. 

After the cast has been cleaned as thoroughly as possible, a suitable rod 
is fixed to it, by which the cast can later be mounted. As the finer branches 
of the casts are fragile when dry, the method of mounting must be extremely 
secure, to eliminate the risk of damage to the cast if the mounting came adrift. 
A rod made of steel piano wire, between 2 and 3 mm. in diameter, is suitable 
for all but the lightest casts, which can be supported by somewhat thinner brass 
wire. Whichever type of wire us used, this is later slid into a brass tube fixed 
vertically to a wooden base, and soldered in position. As piano wire cannot be 
soldered reliably, a thread is first cut in the upper end, and two brass screws 
arc screwed down as far as they will go. Latcd these screws arc soldered to 
the brass tube to prevent the rod from moving. 

A hole is drilled into the most convenient pan of the cast to lake the 
threaded end of the mounting rod. The cast is soaked in water for a few 
moments before the hole is drillctl, as the cast is far less liable to damage 
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when being handled in this condition than when dry. One side of the 
threaded end of the piano wire is filed flat, so that the specimen cannot 
come unscrewed from the lod when cemented to it. The threaded end is 
cemented into the cast, using resin cement as described on page 104. If 
necessary the threaded end of the piano wire can be bent with pliers, if first 
heated in the bunsen. When brass wire is used for mounting, the end to 
be cemented into the cast is first hammered until it is slightly flattened, as 
this makes it impossible for the cast to rotate on the wire, if the cement 
should ever come loose. 

Next the cast is sprayed with the following resin mixture : 


Afarco resin 28 C 

wo g. 

Monomer C 

40 g 

Catalyst H C H 

2 B- 

Acetone 

20 ml. 

Accelerator E 

2 ml. 


Acetone is added to the mixture for two reasons. It softens the surface 
of the cast and so facilitates the wetting of it by the resin mixture whicli is 
being sprayed on; and it also reduces the viscosity of the mixture, so that 
spraying is facilitated. The acetone soon evaporates away after the spray 
has been applied to the cast. 

This mixture gradually increases in viscosity from the moment the 
accelerator is added. However it can be used for at least twenty minutes, 
provided a suitable spray is available, and an adequate oj>eraling force can 
be applied. The only spray known to the writer which is satisfactory for 
iliis work is the dc Vilbiss No. 15. This spray can be obtained from surgical 
instrument makers in any part of the world. It is operated by removing 
the rubber bulb, which docs not provide adequate pressure for spraying 
anything as viscous as the resin mixture to be uscti, and connecting the spray 
to a cylinder of carbon <lioxidc (or other suitable gas), by mwns of a length 
of rubber tubing. The tubing is cut in two, and rejoined by means of a 
glass T piece. The flow of carbon dioxide is suitably adjusted, an<I left on. 
When the spray is required, a finger is placed over the open end of the T piece, 
through which all the carbon dioxide otherwise cseapes. The c.irhon dfoxidc 
is now compelled to pass through the spray and thus to operate it. As the 
\iscosity of the resin mixture increases, it may be necessary to increase the rate 
of flow of the carbon dioxide. 

The effect of the spray in restoring the natural colours of (he roin is 
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quite spectacular; but great care is necessary to direct the spray in every 
direction in order to avoid missing some areas. The cast should be sprayed 
until the resin drips from it. Then for the next half hour or so, droplets 
which appear on the extremities of branches of the cast, but which arc com- 
posed of resin loo viscous to drip off, arc carefully removed with a small sable 
paint brush. When no more droplets appear, the cast is placed in a dust free 
place while the resin polymerises. The spray must be emptied and thoroughly 
^vashed out with acetone before the resin sets. It is advisable to leave the 
metal part of the spray soaking in acetone for a few days after use, as quite 
a tiny drop of resin setting inside it may make it unserviceable. Owing to the 
limited period during which the resin mixture remains sufficiently fluid to 
be used as a spray, it is advisable to have a reserve spray at hand, in order to 
avoid delay, in case the delivery nozzle of the spray becomes obstructed. 

Although Marco resin 28 C sets in contact with air with a comparatively 
tack-free surface, in the case of a thin film the surface remains slightly tacky 
for several months. Provided the cast is well protected from dust during 
this period, this does not matter. All traces of tackiness can be avoided if 
the cast is placed in a draught of carbon dioxide while the resin cement is 
polymerising. A large rectangular Pcispex container is suitable for this 
purpose. A hole is drilled through one wall near the bottom of the container, 
into which a rubber bung is fitted. A glass tube passes through a hole in the 
bung. This is connected to a cylinder of carbon dioxide, the valve of which 
is adjusted so that a slow flow of the gas enters the container, the top of 
which is covered by a sheet of glass. The sprayed cast is put into the container 
and the lid placed in position Carbon dioxide soon replaces the air, both air 
and carbon dioxide escaping between the lid and the rim of the container. 
Although the flow of carbon dioxide may be stopped after four hours, it is 
advisable to leave the cast in the container overnight. A smear of heavy grease 
is applied to tlic outside of the junction between the lid and sides of the 
container to prevent any air entering during this period. If the resin polymerises 
under these conditions a completely tack-free glaze is produced. 

The cast is mounted by sliding the mounting rod into a length of brass 
tube which is fixed vertically. The tube is fixed to a wooden base by means 
of a rectangular piece of brass plate, through a hole in the centre of wliicii 
one end of the tube is passed and soldered. The brass plate is screwed to tlic 
wooden base. If a brass mounting rod has been used, this is soldered to the top 
of the brass tube. In the case of piano wire, tlic brass screws previously fixed 
to the latter arc soldered to the top of the tube. Figure 30 shows the details 
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Fic jo 

Diagram to sliotv fhe method of mounting resin casts 
The piano wire is cemented into a hole drills in the most 
conxenicnt place m the resin cast, after one side of the 
end of the piano wire has been filed Hat This nreiaution 
presents the cast from rotating on the wire, if the cement 
becomes s’lghtly loose The foim rubber sheet is stuck, 
to the wooden base with Bostic adhesise No 252 
{fee Appendix) 

of this method of mounting. While the mounting rod is being soldered into 
the brass tube, the minimum amount of heat necessary to melt the solder must 
be applied, as excessive heating of the mounting rod may damage the resin 
cement by which the rod is attached to the cast. To av'oid the possibriitj' of 
such damage it is advisable in many cases to solder the mounting rod into the 
brass tube Ije/ore the rod is cemented into the cast. In this case a spcdalJy 
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shaped screwdriver may be required to tighten the screws by which the brass 
plate is fixed to the wooden base, as the resin cast usually gets in the way of 
the handle of an ordinary screwdriver. The Perspex dust cover should be 
screwed to the wooden base, to avoid an accident should the specimen be lifted 
by its dust cover, under the impression that this was firmly attached to the base, 
when in fact it was only held in position by friction. A sheet of foam rubber 
should be stuck on the base to act as a shock absorber. 

Although slender branches of the resin are very brittle, the casts are 
not liable to suffer damage, if treated with normal care, even if the exhibits 
are frequently taken down from the museum shelf and handled, provided 
they are protected by the method described above. 

3. CASTS FROM NEGATIVE MOULDS 
The full practical details concerning the making of resin casts from 
negative moulds are given in Chapter 20. In the present chapter only the 
general considerations which determine the most suitable resin mixture for 
this type of work will be considered. 

The resin mixture should have a comparatively low viscosity. This 
allows air bubbles, introduced when the accelerator is stirred in, to rise to the 
surface in a short time. It also makes it easier to get rid of any air which 
may be trapped in the mould when the resin is first run into it. Finally, as 
a mixture with a low viscosity flows more rapidly into the mould than a 
viscous one, it is possible to fill several moulds from one sample of resin before 
the latter gels. A mixture is recommended which contains 30-40 g. monomer C 
per 100 g. Marco resin 26 C. 

For somewhat similar reasons, the mixture should have a relatively long 
working life. This period must allow sufficient time for all air bubbles, 
introduced when the accelerator is stirred in, to rise to the surface before the 
resin is run into the mould. It must also allow time, not only for the moulds 
to be filled, but for the manipulation of the moulds, followed by topping up 
with resin, which may be necessary to replace any air trapped within the 
moulds while they were being filled. 

Usually a mixture with a working life of two hours is satisfactory for 
this work; but in the case of a comparatively bulky cast, one weighing 
more than 200 g., it is advisable to use a mixture with an even longer working 
life, to reduce the risk of the resin cast cracking as a result of overheating 
during polymerisation. 

The somewhat brittle quality of the ordinary resin can be modified by 
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the addition of about 10 per cent Crystic resin 182, which acts as a plasticiser. 
But this material must not be used when a clear and as nearly as possible 
colourless cast is required, as it has a pale brown colour. 

Pigment pastes should be used whenever possible in preference to 
powdered pigments for colouring resin which is to be used for filling moulds. 
If powdered pigments are used, the comparatively long period during 
which the resin is in the mould before it gels usually results in sedimentation 
of some of the larger particles of the powdered pigment, and this spoils the 
appearance of the finished cast. 

For general work at a room temperature of lO^C, the following mixture 
is recommended : 

Marco resin 26 C 100 g. 

Monomer C 35 g. 

Catalyst H C H 2 g. 

Crysdc resin 182 10 g. 

Pigment paste as required to give 
the desired intensity of colour, 

Accelerator E 2 ml. 

This mixture has a working life at 20'’C of approximately two hours. If 
the room temperature is 24“C, the catalyst content should be halved. Provided 
that resin mixtures are used which allow an ample margin of time to complete 
the filling of the moulds before the resin gels, it is not necessary to make a 
test to determine the exact working life of the mixture used. 

4. EMBEDDING SPECIMENS IN TRANSPARENT BLOCKS 

Although wet specimens can be embedded in transparent blocks of resin, 
provided they are first surface-dried, this mctliod of mounting cannot be 
recommended, as more satisfactor)’ results arc obtained, with less labour, by 
sewing the specimens to Perspex plates and mounting them in fluid m 
rectangular Perspex boxes by the method described in Chapter 9. 

However, dry and fragile specimens may sometimes be mounted with 
advantage by embedding them in a solid block of resin, as this enables them 
to be roughly handled with little risk of serious damage. This method should 
only be used wlien it is specially desired to afford the specimen the maximum 
protection, as a rather foreshortened view is obtained of specimens mounted 
in this way. 
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Three special problems are encountered in this type of work. The first 
is a tendency of the resin to pull away from the embedded object, as a result 
of shrinkage which takes place during polymerisation. This produces mirror- 
like surfaces between the specimen and the resin in which it is embedded, 
which spoil the general appearance of the finished exhibit. It can be prevented 
by coating the specimen with Marco resin 26 C, and allowing this coat to set 
before the specimen is embedded. 

The following formula is suitable at a room temperature of 20‘’C : 


Marco resin 26 C 

100 g. 

Monomer C 

25 g. 

Catalyst H C H 

4 g. 

Accelerator E 

2 ml. 


Before coating the specimen with resin, a length of wire is cemented 
with resin cement into a hole drilled into the most convenient place. The 
wjre not only serves as a handle with which to hold the specimen while it is 
being coated, but it later provides a convenient means of suspending it in 
the resin in which it is being embedded. 

The specimen is dipped in the resin mixture, and the surplus is allowed 
to drain off. Then the specimen is rotated until the resin has gelled, so that 
it IS covered by an even film. The surface of this film remains permanently 
tacky, and so the resin in which the specimen is embedded does not pull away 
as it would from a hard surface. 

The second problem m block embedding is to avoid the block cracking 
as a result of excessive heat production during the heat-producing phase of 
polymerisation. This danger can be reduced in several ways. A mixture 
can be used which contains an unusually small percentage of catalyst and 
accelerator, and which may consequently take several days to gel. The heat 
IS cvoKcd by this type of mixture very much more slowly than from one which 
has a comparatively short working life. Consequently, if the resin is efficiently 
cooled during polymerisation, the reaction can be controlled, so that the resin 
never heats up more than a few degrees above room temperature. But as a 
substantial rise in temperature of the resin greatly accelerates the rate of 
polymerisation, it is essential to adjust the general conditions, especially when 
comparatively large blocks arc being cast, so that the temperature of the resin 
never exceeds 25 C. The range of room temperatures at which this work 
can be most easily done lies between IS" and 20®C. Below I8*C the rate of 
polymcris-ation is retarded very greatly and somewhat unprcdictably. Above 
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20°C the working temperature is dangerously near the maximum temperature 
to which the resin may be permitted to rise during polymerisation, without 
serious risk of the reaction getting out of control. 

The third problem is to avoid the shrinkage, which takes place after the 
resin has gelled, from causing the transparent block to crack as a result of 
internal stresses set up by the resin sticking to the walls of the container in 
which it is polymerised. This danger is eliminated by using a comparatively 
flexible container and coating the inside with a separating medium. A 
sufficiently flexible rectangular container, which allows efficient cooling of 
the resin, can be constructed of 20 gauge tinned iron sheet. This can easily 
be cut with suitable shears. The container is made from three pieces of tinned 
sheet. One piece, twice folded, forms the bottom and two sides, while the other 
two sides are made from pieces which project beyond the bottom and 
sides of the container (see Fig. 31 A). This design facilitates botli the fixing 
together of the three pieces of tinned sheet by soldering, and their subsequent 
removal from around the block of resin. It has the further advantage that by 
keeping the bottom of the container raised up, it allows more efficient cooling 
in a water bath than if an ordinary tin box were used. 

The best method of holding a specimen in llic resin so that it is correctly 
orientated is, in most cases, to suspend it by means of a wire, previously 
cemented to the specimen. The specimen is hclil in exactly the ilesired 
position by passing the wire ilirough a hole drilled in a strip of PcrsjKX, winch 
is allowed to rest on two sides of die container. The wire is held in place 
by means of a lump of Plasticine, and the Perspex strip is prevented from 
moving by means of two pieces of Sclloiapc, which altacii it to the outside of 
the container, as shown in Figure 31 A. 

TV\c alternative method of embedding a specimen m a b\v>ck to j-Ajh - 
nicrisc a layer of resin in the bottom of the container, and then l.iy the sjKciincn 
on tliis, anti pour in more resin until the specimen is immersed to a suitable 
depth. If the sjKcimcn floats in the resin, it is necessary to {xrrform ihc 
cmbciidini’ in three stages instcatl of two, Put this method, ilioiigh frcipicnilv 
recommended by many workers in the past, is unsalisfactors. except uhen 
the specimen is only to be viewed from above or below, as for instance if it 
consists of a slice or section. In lateral views of a block made by {>oljnierising 
the resin in two or three hiycrs. the refractive intic.x of the resin in the region 
of c.ic!i layer is substantially thfferent from that of the rest of the block, so 
that the sites of the original layers arc both conspicuous and unsightK m the 
finished bl«k. The presence of a wire passing from the »iutsidc of llic 
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A. Diagram o^ llic type of container used 
to hold the renn, when a specimen is Iwring 
cmlxdded m a rectangular block of trans 
parent resin. Tlic ^gurc tliou s the details 
of constrtiaHMi. and the mnlind by which 
t!ic specimen is sunicndcd in the resin 
n. Diagram lo show* how mercury is applied 
to the cnicside of the joints of the container 
to rot the solder. 


THE USE OF RESIN FOR CASTING 131 

finished block to the specimen is less displeasing to the eye than the presence 
of layers in the resin. 

Before use the inside of the container is coated with a 20 per cent 
solution of shellac dissolved in industrial spirit. The shellac, which acts as a 
separating medium, must be allowed to dry thoroughly before the resin is 
poured into the container. 

During the polymerisation of the resin, the container is placed in a 
large basin of cold water, to prevent overheating. In the case of a container 
larger than 3x4 inches in cross section, running water should be used to 
cool the resin, and it may also be necessary to place the container in ice water 
as soon as the resin begins to gel. 

The following resin mixture is recommended for making blocks : 


Marco resin 26 C 100 g. 

Monomer C 20 g. 

Catalyst H C H 0.3 g. 

Accelerator E 0.2 ml. 


At a working temperature of 20*C this mixture gels after a period 
between 80-100 hours in very subdued light. Moderately bright daylight 
substantially reduces the time the mixture takes to gel. 

The container is left for three days in the water bath after the resin has 
gelled, in case there is any further evolution of heat. Then it is placed in an 
oven at 45 ®C for a further fourteen days, to complete polymerisation. 

The tinned sheets arc removed from around the block of resin by first 
rotting the solder with mercury. The container is held so that the solder 
along each of the joints in turn forms the bottom of a horizontal trough, the 
sides of which arc piovided by the tinned sheet, and the ends made by apply- 
ing lumps of Plasticine to the tin (sec Fig. 31 B). A little mercury is poured 
into the trough and rubbed into the solder of each joint for about half a 
minute with the tip of a finger. This work should be done over a large enamel 
meat tray, so that if any mercury is spilled it is not lost. By the time all the 
joints have been treated in this way, the first can easily be separated by gripping 
the projecting flange of the container with pliers and pulling it away from 
the resin block. The mercury is contaminatc<l by the solder and so should 
not be mixed with pure mercury’. It may, however, be kept in a separate 
bottle and will scrs-c this purpose many times. 

When embedding is done in layers, the danger of cracking wliich results 
from oserheatmg of the resin »s very much less than when the block is cast 

li 
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in a single stage. Consequently a mixture with a shorter working life can 
be used, the exact constitution depending on the thickness of each layer. 

If a layer of fairly large area is being cast, as for example 4x4 inches 
or more, the resin warps badly in the horizontal plane unless a rigid base is 
provided to which the resin adheres. A suitable stiffener may be provided 
by placing a piece of glass in the bottom of the container. The glass need 
only fit roughly, but should be cleaned in chromic acid before use to make 
it entirely grease-free, as this greatly facilitates its subsequent detachment from 
the resin block. The glass is removed by placing the hardened block in 
boiling water for about a minute and by cutting away the somewhat softened 
resin in which the glass is partly embedded. Then the glass can usually be 
removed fairly easily, either in one piece, or after cracking it with a hammer. 

The method of trimming the block, smoothing the surfaces, and 
polishing them is described in Chapter 16. 



Chapter iS 

CASTS FROM THE LUNGS 
1. INTRODUCTION 

B efore satisfactory corrosion casts can be made from the lungs, some 
means must be devised by which the latter can be maintained in the 
expanded condition while the injection is being made, and during the 
subsequent period which elapses before the injection mass is fully hardened. 
Casts made from totally collapsed lungs would have little or no value. 

The simplest way of achieving this object is to make the injection 
while the lungs are still in the unopened thorax but, although the lungs 
are not actually collapsed in the cadaver, they are by no means fully 
expanded. There are two further objections to this procedure. Very little 
manipulation and control of the conditions under which the injection is made 
are possible under these circumstances. And for many people, the necessary 
facilities arc not available for doing this work while the lungs arc in the 
cadaver. For the great majority of workers it is necessary to devise a technique 
by which lungs, removed at post mortem, can be expanded and injected in 
the laboratory. 

Methods used in the past to expand lungs after removal from the body 
include suspending them in a vacuum chamber, and inflating them; but 
neither of these methods is really satisfactory. For the techniques described 
in this ch.iptcr, lungs removed at post mortem arc expanded before the resin 
injection is made by filling them with a warm gelatine solution. The lungs 
are immersed in warm water, which not only prevents the gelatine from 
setting before the resin injection has been completed but, by supporting 
almost all their weight, avoids distortion due to the force of gravity. When 
expanded with gelatine under these conditions, tlic lungs naturally assume 
their anatomical form, and at the same time they resist strongly excessive 
over-expansion. But the gelatine diffuses so freely through the tissues of 
the lungs, and even through the pleura, that the resin injection easily displaces 
the gelatine from the bronchial tree. 

As soon as the resin injection has been completed, the lungs arc cooled, 
so that the gelatine solidifies, Hcncc the lungs arc fixctl indefinitely in tlic 
expanded form, while the injection mass hardens. 
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When Marco resin is used for vascular injections, some degree of over- 
injection invariably occurs, which necessitates pruning of the cast. But in 
the case of the bronchial tree, although the gelatine in the lungs retards the 
flow of the resin into the alveoli, certain special refinements of technique are 
necessary. Otherwise an almost solid cast of the whole lung may be produced, 
as a result of a large volume of resin entering the alveoli. It may be impossible 
to prune such a cast so that the main branches of the tree are displayed, without 
serious damage. This problem is not solved simply by limiting the amount 
of resin injected. For if the correct amount of resin is run in, either as a slow 
trickle, or several minutes before it solidifies, much of the resin gravitates into 
the alveoli of whatever part of the lungs is lowest during the injection, 
leaving the upper bronchi empty so that an incomplete cast is produced. This 
is avoided by three means : 

1. By using a very viscous resin mixture. 

2. By using an apparatus which allows even a viscous resin 
mixture to flow rapidly into the trachea. 

3. By exceptionally careful timing of the injection. 

But in spite of these precautions, casts of the bronchial tree made by the 
method described below always require extensive pruning. However, this 
rather tedious work is compensated for by the fact that, if the technique is 
skilfully applied, an almost perfect cast is invariably obtained. 

If a cast of the pulmonary arteries and/or veins is made in conjunction 
with a cast of the bronchial tree, the only additional difficulty encountered is 
th.it involved in removing the macerated lung tissue from the cast. This 
may require dissection as well as washing. The labour of pruning is also 
greatly increased. A bronchial tree alone can be pruned in two days, but 
the pruning of a triple cast may take up to two weeks. 

A cast of the bronchial arteries should only be made in conjunction with 
a cast of the bronchial tree, as the delicate cast of the arteries requires the tree 
to support it. 

For these techniques the best results can only be obtained if healthy 
lungs, free from accidental cuts, arc used. Although it is desirable to receive 
the lungs as soon after death as possible, as this facilitates the washing out of 
the bronchial tree and blood vessels, satisfactory results are usually obtained 
even if there has been a delay of several days, provided no decomposition has 
taken place. 
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For all lung casting, a suitable Perspex tray (see Fig. 32), shaped roughly 
like the posterior wall of an average-sized thoracic cavity, is required, to 
support the lungs in their correct position in relation to each other during 
the injection of the resin, and to facilitate their transfer without damage to 
the cast, from water to acid and vice versa. 



Fio. 35 

l’cr<jKX iray in winch the Uinp arc placed during 
tin; iiijcaion of the rc<m, and by means of which 
ihcy arc wilwcqucndy hftctl. when they arc train 
ferred to the acid hath 

The tray is made in tlie following way. A model is made with modelling 
clay, similar to that sliown in Figure 33A, which is actually a plaster jKisiiivc 
mould made from a model. A negative moult! (sec Fig. 331!) is cast from 
the clay model, with Dcnlrusct plaster. From the negative mould a plaster 
replica of the clay moticl is made. The walls of the positive mould arc <cra(xrd 
away to a depth of 1 6 inch, to allow room for the Pcrsjscx sheet which is 
pressed into the rcquirct! sli.ijx: by means of ilic two plaster moulds. After 
the scraped surface of the {tositivc mould has been sinixithcd with .ibr.wnc 
pajscr. both moulds are placed in an oven at about ‘I’j C until dies .ire quite 
dry and warmed riglu through. They arc then imprcgnnic<l with .\I.irc<> 
resin 2S C, to strengthen them. 

•^00 ml. of the following mixture arc prcparcil : 


M.irco resin 2h C 

KXl u. 

Monomer C 

g. 

CauKsi H C !l 

I 

AccclcMlor E 

1 ml. 


Tile miitilds .ire rctruwcjl from the «»cn an<I placet! in a large emmel inrjf 
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When Marco resin is used for vascular injections, some degree of over- 
injection invariably occurs, which necessitates pruning of the cast. But in 
the case of the bronchial tree, although the gelatine in the lungs retards the 
flow of the resin into the alveoli, certain special refinements of technique are 
necessary. Otherwise an almost solid cast of the whole lung may be produced, 
as a result of a large volume of resin entering the alveoli. It may be impossible 
to prune such a cast so that the main branches of the tree are displayed, without 
serious damage. This problem is not solved simply by limiting the amount 
of resin injected. For if the correct amount of resin is run in, either as a slow 
trickle, or several minutes before it solidifies, much of the resin gravitates into 
the alveoli of whatever part of the lungs is lowest during the injection, 
leaving the upper bronchi empty so that an incomplete cast is produced. This 
is avoided by three means : 

1. By using a very viscous resin mixture. 

2. By using an apparatus which allows even a viscous resin 
mixture to flow rapidly into the trachea. 

3. By exceptionally careful timing of the injection. 

But in spite of these precautions, casts of the bronchial tree made by the 
method described below always require extensive pruning. However, this 
rather tedious work is compensated for by the fact that, if the technique is 
skilfully applied, an almost perfect cast is invariably obtained. 

If a cast of the pulmonary arteries and/or veins is made in conjunction 
with a cast of the bronchial tree, the only additional difficulty encountered is 
that involved in removing the macerated lung tissue from the cast. This 
may require dissection as well as washing. The labour of pruning is also 
greatly increased. A bronchial tree alone can be pruned in two days, but 
the pruning of a triple cast may take up to two weeks. 

A cast of the bronchial arteries should only be made in conjunction with 
a cast of the bronchial tree, as the dcHcatc cast of the arteries requires the tree 
to support it. 

For these techniques the best results can only be obtained if healthy 
lungs, free from accidental cuts, arc used. Although it is desirable to receive 
the lungs as soon after death as possible, as this facilitates the washing out of 
the bronchial tree and blood vessels, satisfactory results arc usually obtained 
even if there has been a delay of several days, provided no decomposition has 
taken place. 
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For all lung casting, a suitable Perspex tray (see Fig. 32), shaped roughly 
like the posterior wall of an average-sized thoracic cavity, is required, to 
support the lungs in their correct position in relation to each other during 
the injection of the resin, and to facilitate their transfer without damage to 
the cast, from water to acid and vice versa. 



Fio 32 

Perspex tray m which the lungs are placed during 
the injection of the resin, and by means oC which 
they are subsequently lifted, when they are trans- 
ferred to the acid bath 

The tray is made in the following way. A model is made with modelling 
clay, similar to that shown in Figure 33A, which is actually a plaster positive 
mould made from a model. A negative mould (see Fig. 33B) is cast from 
the clay model, with Dentruset plaster. From the negative mould a plaster 
replica of the clay model is made. The walls of the positive mould are scraped 
away to a depth of yi inch, to allow room for the Perspex sheet which is 
pressed into the required shape by means of the two plaster moulds. After 
the scraped surface of the positive mould has been smoothed with abrasive 
paper, both moulds are placed in an oven at about 45®C until they are quite 
dry and warmed right through. They are then impregnated with M.irco 
resin 28 C, to strengthen them. 

400 ml. of the following mixture are prepared : 


Marco resin 28 C 

100 g. 

Monomer C 

30 g. 

Catalyst H C H 

I g- 

Accelerator E 

1 ml. 


The moulds arc removed from the oven and placed in a en.imcl meat 
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Fio. 33 

The plaster mouUls used for forming the Persjicx lifting trays A is the posinve 
mould, B the negatite mould, and C a Pcr«pex tray made by heating a sheet of 
Pcrspc'T until it is flabby, and pressing it between the two moulds 


tray. The resin is applied very liberally with a medium-sized paint brush- 
As the moulds cool, the air within the porous plaster contracts, and this greatly 
assists the penetration of the resin. The resin is applied all over the surface 
of each mould, until no more is absorbed, or until the whole of the resin is 
used up. Any resin which remains on the surface of the moulds is removed 
with a wad of cotton wool soaked in acetone. The surface of the moulds after 
coating with resin should appear matt, not glossy. 

Each mould is propped up on the edge of the meat tray until the resin 
is quite hard. The moulds should not be used until a week after impregnation, 
so that the resin is fully hardened. 

Although the preparation of the moulds is somewhat laborious, any 
number of Perspex lifting trays can be made with them, with little additional 
labour. Those who require a Perspex lifting tray are therefore advised to contact 
some department where casts of the bronchial tree have already been made, 
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with a view to purchasing a lifting tray from someone who possesses the 
necessary moulds. 

To make a Perspex lifting tray, a sheet of inch thick Perspex, about 
an inch larger all round than the mould, is placed in a domestic oven, the 
temperature of which is between 150'’-160'’C. The Perspex is left in the 
oven until heated evenly right through, when it becomes quite flabby. To 
ensure that the sheet is heated evenly it may be necessary to change its position 
in the oven after ten minutes, and to leave it in for a further ten minutes. 
Excessive heating must be avoided as it causes the Perspex to blister. 

When the Perspex sheet is quite flabby, it is removed from the oven and 
quickly placed on the positive mould, which rests on the floor. The negative 
mould is placed on top, and then the operator stands on the latter until the 
Perspex has cooled sufficiently to become rigid. Finally surplus Perspex is 
trimmed from the sides of the tray on the bandsaw. 

2. THE BRONCHIAL TREE 
(a) ADULT 

A short length of Portex vinyl V.Y. standard tube, of such diameter 
that it fits easily, is tied into the trachea very firmly with fine string. The 
lungs are placed in the sink, which has previously been filled with cold water, 
and the cannula in the trachea is connected to the cold tap by means of rubber 
tubing. The tap is then adjusted so that there is a gentle flow of water into 
the trachea. The water expands the lungs and washes any mucous in the 
bronchial tree into the alveoli. The water then diffuses freely through the 
Ivmg tissue, escaping partly via the cut ends of the pulmonary vessels and 
partly through the pleura. Thus most of the blood in the pulmonary vessels 
is also washed out. Washing is continued until the water escaping from the 
pulmonary veins is almost free of blood pigment. Usually washing must be 
continued for about an hour. 

Next the lungs are deaerated. This is done by means of the apparatus 
shown in Figure 22 (p. 70) by alternately inflating the lungs with carbon 
dioxide from a cylinder, and evacuating them by means of a water vacuum 
pump. This treatment is repeated a dozen times and results in the residual 
air in the lungs being almost completely replaced by carbon dioxide. 
The carbon dioxide is removed by running a large volume of deaerated water 
through the lungs. The carbon dioxide dissolves in the water. 
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Next the lungs are disconnected from the apparatus used to deaerate 
them, and gently compressed to expel most of the water they contain. Then 
5 litres of 70 per cent spirit are injected via the trachea, and the lungs arc 
transferred to a tank of 70 per cent spirit. Before they are lifted out of the 
water in which the previous operations were carried out, the end of the 
cannula inserted into the trachea is closed by fitting a short length of rubber 
tubing, with a screw clamp attached to it, to prevent the entry of air. 

The lungs may be left in spirit for several weeks without deterioration, 
but in this case a considerable quantity of spirit should be run into them 
at least once a week, to re-expand them. They may be injected with resin 
after a minimum of two days in the fixing tank, but the injection with resm 
of unfixed lungs is not advisable. 

The day before the resin injection is made, the lungs arc placed in a 
sink filled with cold water, and a large volume of deaerated water is run 
into them to wash out the spirit. It is necessary to deaerate the water used 
for washing out the spirit, as tap water is frequently supersaturated with air, 
which comes out of solution in the lungs if the water is run in directly from 
the tap. 

A sufficient number of leaves of sheet bone gelatine, 120 bloom, to yield 
about 6 litres of gelatine solution when melted, are put to soak in cold water 
(as described on page 71). 28 lb. of ice should be ordered for use 

at the time when the resin injection is being made. 

The lungs arc left overnight immersed in cold water. The next day, 
the gelatine leaves arc surface-dried and packed into 7 lb. Kilner jars. These 
arc placed in a sink filled with hot water, to melt the gelatine. Lids must 
be placed on the jars to prevent a skin forming on the surface of the melted 
gelatine. The melting point of the gelatine is 28'’C. Jt is used at 32 “-33 "C, 
and should not be heated many degrees above this temperature, as considerable 
delay may be caused while so large a volume is being cooled. 

The temperature at which the gelatine is used is of great importance 
to the success of this technique. It is used at the lowest temperature which 
docs not involve the risk of it setting while being injected into the lungs. If 
it is used at a higher temperature, it is not sufficiently viscous, and diffuses 
so rapidly out of the lungs, that it fails to maintain them fully expanded until 
tlie injection l).is been completed. Esen when used in this viscous state, the 
"clatine is readily displaced from the bronchi by the resin. 

600-700 ml. (according to the size of the lungs) of the following resin 
mixture are prepared: 
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Marco resin 26 C 
Monomer C 
Catalyst H C H 
Accelerator E 


100 g. 

15 g. 

4 g- 

4 ml. (if room temperature 


is 20 °C) 


If the room temperature is 22°C only 3 ml. accelerator should be used; if 
24°C only 2 ml. This technique should not be attempted if the room 
temperature is over 24'’C. Whenever possible the working temperature 
should be 20°C. 

A careful test is made to establish the working life of this resin mixture 
(see p. 113). 



Fia j4 

Apparatus for mjccting tlic broiichul tree «ith rc?-n The 
in)eciion is commenced by releasing the clamp forceps 


The apparatus (see Fig. 34) from which the resin is injected consists of 
a four-inch diameter Buchner type glass funnel, which is connected to the 
cannula, previously tied into the trachea, by a length of rubber tube. The 
funnel, which is calibrated in units of 100 ml., is held about eight inches 
above the lungs by means of a retort stand and clamp. The rubber tubing 
must have an internal diameter of not less than yi inch, as otherwise the 
viscous resin docs not fiow sufficiently rapidly to ensure a successful injection. 

The lungs arc prepared for the injection of the resin by raisinj^ the 
temperature of the water in which they arc immersed, to 33 ^C, and by running 
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some deaerated water at this temperature through the trachea to warm the 
lung tissues. Then the lungs are completely filled with the gelatine solution, 
which is run in by gravity flow from a funnel connected to the cannula in 
the trachea by rubber tubing. Immediately before use the funnel and rubber 
tubing are warmed by immersion in hot water, to prevent the gelatine setting 
in the apparatus. The funnel and tubing used to run in the gelatine must 
not be used for the injection of the resin as the cold resin mixture, coming 
in contact with gelatine in the rubber tube, would cause the gelatine to solidify, 
so that the flow of the resin would be obstructed. 

Tlie rubber tubing of the apparatus from which the resin is to be run in 
is clamped about one inch from its lower end, before it is connected to the 
cannula m the trachea, to prevent water or gelatine from entering the part 
above the clamp. The part of the rubber tube below the clamp is immersed in 
water, so that gelatine solution in it is kept warm and thus prevented from 
setting. 

Next, the accelerator is added to the resin mixture and stirred in for two 
minutes. The injection is commenced four minutes before tlic resin is 
expected to gel. The resin is poured into the injection apparatus one minute 
before the injection is started, and the rubber tube manipulated to dislodge 
any air which may be trapped in it. If the lungs appear to be c.xcessively 
turgid, just before the injection of the resin is commenced the rubber tubing 
is disconnected from the cannula, so that a little of the gelatine can escape 
from the tr.acliea by back flow into the water bath. Figure 34 shows the 
apparatus tlic moment before the resin injection is commenced. 

To begin tlic injection the clamp is released. The resin flows rapidly 
into tlic lungs. For normal-size lungs 300 ml. resin arc run in and then 
the clamp forceps arc applied to stop the flow. In the case of small lungs, 
250 ml. arc run in, and in the case of exceptionally large ones, 350 ml. 

Tlic initial injection, which js completed in less than two minutes, fills 
all the main bronclii. The resin tends to gravitate to the bottom of the lungs, 
leaving some of the upper pans of the tree empty. To compensate for tliis, 
every 30 seconds the clamp is released, while about 20 ml. of resin flows in. 
The amount injected is indicated by the passage of tiny air bubbles down 
the long wide stalk of ihc injection funnel. 

When it is observed tliat the descent of these bubbles is becoming 
/rnw/f/aiah/y slower, the resin is alJouxd to flow in continuously, as it is on 
the point of gelling. If there is any one secret of success in getting a rc.nlly 
perfect cast of the bronchial tree, it is to ensure that resin is actually flowing 
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into the trachea at the moment when it gels. This ensures that the bronchial 
tree is completely full of resin. 

The lungs are now arranged on the Perspex tray, and the position of the 
trachea is adjusted, so that the two lungs and the trachea arc all in their 
correct relative positions. Then a large amount of ice is added to tlic water 
to cool it as rapidly as possible, so that the gelatine sets and holds the lungs 
firmly in the' expanded form during the comparatively long period required 
for the resin to become fully hardened. 

About half an hour after the resin has gelled, the rubber tubing and 
resin within it are cut through wifJi a large pair of scissors. Tiie rubber 
tubing is disconnected from the glass funnel. TIic resin, which has the 
consistency of hard cheese at this stage, breaks easily. The glass funnel is 
boiled in water containing about 1 |>er cent Homacol or other liquid toilet 
soap, for an hour. When tlie water has cooled to room temperature, the resin 
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Twining in ll.c funnel can be casi!,. removed The resm in die rubber tube 
hr rvnellcd and the tube cleaned as desenbed on page 1U7. 

Tl'bnt are let, immersed in cold svater for siv days wh.le the resm 
attaint full htdness. Figure 35 shows them lifted out of the wata on the 
rcn« tray, during this i-eriod. Then for forty^right hours they are immersed 



V,r.. 


1‘jrt fu.l- lf««n lltc »JMiwn m I t5. after the tiuuc» Kail 

l<tn ff.j.rratfsl «n timctniratctl lijsIn'^KIonc ac«v!, anil uaOinf away 
uj'h |j{' Wjicr. » 1^. 

m running ssaicr at lictisccn 35"-3n’C, to melt and remove .as much as 
piisiblc of the gcblinc. The tcmjicratiirc of the svater must not eacced dO'C. 
.1, It mas Othcrsiisc C.IU'C shrint-age of the tissues, and consei[uen, distortion 
.it the cast. The lungs must lie tbormigbly cooled in colil staler before they 
arc tran'ferietl to the aciii bath, as otlierssise the resin cast may be b.ully 
ssaiictl. .Mibtiiigh it IS not essential to stash out the gelatine first, this treat- 
ment retiiises the |Nrir«l tliiring sshicb the lungs base to remain in the acitl. anti 
it alv. retiuces the c<in,.iminitiim of the acitl. s<i that it c.m be iisetl scscral 

'"''^Tbt liiifs arc nest immersed in a bath of concentrated lisdriebloric 
j;,d. \ -tnlib'e bath is prosiilct! bs pouring ab.tit 7 Winshesler titiarts of 
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acid into a large glass accumulator Jar. When the lungs are first placed in the 
acid they float. They should be gently pressed down from time to time until 
they sink, to ensure that the part above the acid is macerated as rapidly as the 
rest of the tissues. Maceration is complete in one to three days, according to 



Hg 37 


Unoruntd cast of a bronchial tree, made by running in 350 ml 
SmMad of 250 ml as svas .njocted imnally m the prepaeat.on 
S thrcasrshosvn in Fig, 36 Note that the aheoli have been 
more completely filled wnh m *is cast than m the one 

ihown ID Fig 36. X Yi 


whether the acid is fresh, or has been used previously. When maccrat.on 
takes longer than three days it is time to use fresh acid. 

The full details concerning the washing, pruning, repairing, cleaning 
and mounting of the cast are given m Chapter 17. Figure 36 shows the 
unpruned east! prepared from the lungs shown m Figure 35, after the macerated 
tissue had been washed away. In this specimen the initial inj^ecnon was limited 
to 250 ml. although the lungs were of normal size as this cast was to be 
mounted unpruned. Consequently it was particularly desired to avoid 
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excessive filling of the alveoli. Fignre_37 shows “ ^f^elrff 

of similar size, in which the inidal mjeetton was 350 ml. The 
this specimen have been much more completely filled with resin. 



Tlr. 

;■ isi of 4 ItriincliiM «rcc jficr |>rumoj: has been c«mj»ktcil 1 he principal branches 
base iKcn pamtcil whh ccUulosc paints, x 


The main brandies of the pruned tree can be differentiated by painting 
them with a quick-drying cellulose paint. N.aylor’s Brushing lielco (see 
Appendix) is recommended for this work. It is available in quarter-pint 
tins and can be applied with a small sable water-colour brush. It dries in less 
than half an hour, leaving a glossy surface. The brushes are cleaned in acetone 
after use. Figure 38 shows a cast painted in this way. 
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(b) INFANT 


Ccrluin modifications of the technique described abo\c arc necessary wlien 
casts arc made from tlic lungs of still-botn or very young babies. 

To avoid c.xccssivc liardcning of the tissues, the lungs are fixed m 50 per 
cent spirit instead of llic usual 70 |icr cent and injected with resin after not 
more than forty-eight hours fixation. 

The gelatine is run in at 40'’C, instead of at 33 “C, to avoid the risk of 
it setting in the apparatus from wltich it is injected. 

A less viscous resin mixture is also required. The following formula is 
recommended for the lungs of a fiftcen-<Iay old cliild at room temperature 
of 20“C: 

Marco resin 26 C 100 g. 

Monomer C 20 g. 

Catalyst H C H 4 g. 

Accelerator E 


As it is necessary to observe accurately the quite small volume of resin 
which is inicctcci, titc resin reservoir is made from a short length of glass tube 
of internal diameter 2 cm. The lower end of the tubes drawn out to fit 
into the comparatively slender rubber tube by wh.ch the glass reservmr is 
connected to the cannula in tlic trachea. A 1 cm. fail m t e f .• 

in the tube represents the iniection of about 3 mi. resm An 
of about 15 ml. resin should be made in the case of the lungs of a fifteen-day 

'‘Jfthe case of an elder child, the modifications of Kchnique .are ad^sted 
somewhere betaveen these for adult and infant lungs, the exact details of the 

modifications depending on the age. r re j \a ..Va;u :c 

The pruning of the cast of the bronchial tree of a fifteen-day eld child is 

most easily accomplished by holding the cast immersed m tepid 
gently pulLg awfy the surplus resin ™th iris fereps ^ 

In tepid water the cast is quite flexible, but when ary ana c bl 

brittle. In spite of this such ™ ™ j "J,th reasonable care, 

handled without any *„wing all the main branches 

Perfect casts can be made trom me uiiy g fnr the 

characteristic of the adult tree. Tlie cas« are however “ ^ 
branches to be painted, without risk of senoi. damage A part cu lar advan 
c 1 ■ „ rhf bronchial tree of infants is that the tree can he 

tage of making casts ot the of two days required for 

pruned in half a day, instead of the minimum p r / m 


K 
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the pruning o£ a cast of the tree of adult lungs. Figure 39 shows a cast of 
the bronchial tree of a fifteen-day old child. 



C-)<t Ilf (tie I’fimciii >l tree <>( a 15 (i.iy oLI chiUi (natural Vi/c), 


3. THE PULMONARY VESSELS 

If the |iulm()n.iry arteries arc to be injecictl. at least an inclt of llio 
jiulinonar)’ trunk must be left atiaclicti to the lungs when the heart is removed, 
u} that a length of Purtex lulsc can be tied securely into it. In 'the case of 
the (lulnumary scins. the whole of the left atrium and the adjacent part of tlic 
left Ncntricle must remain, so tliat the cannula can be inserted through the 
mitral s jlsc. and tictl securely into |x)S(tion. Special care is needed when the 
cannula is fixed into the left atrium. A finger is inserted through the mitral 
valve. Then .a curvcsl needle, threaded with linen carpet thread, is passed 
through the muscle of the left \cntriclc around the valve. If the needle comes 
out of the muscle at any |v>int on the inside, the finger feels it, and so tlic 
needle can l>c partially withdrawn and its position corrected. Then a length 
of Poftet sinjl V.Y. standarti lube, of such diameter tliat it /its rather firmly 
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into the atrium, is inserted and tied in position. Unless the thread used to tie 
the cannula in position passes only through the muscle, serious leakage may 
result via the mitral valve when the resin injection is being made. 

After most of the blood has been washed out of the vessels b}' the u'ater 
run into the trachea, deaerated water is run directly first into the pulmonar) 
trunk and then into the left atrium (if the veins are also to be injected). The 
success of the injection with resin of the pulmonary vessels depends on the 
latter being completely free from blood clots, so the washing must be very 
thorough. While the lungs remain in the spirit tank, whenever the bronchi are 
flushed out tvith spirit, the arteries and veins are treated in the same way. 

When the spirit is being washed out of the lungs, on the day before the 
resin injection is to be made, water is run into the vessels as well as into the 
trachea. 

The same formula is used for the resin mixture used to fill the pulmonary 
arteries and veins as that used to fill the bronchial tree. 500 ml. resin is 
required in each case. The resin used to fill the arteries is coloured by adding 
either 1 g. red lake pigment powder M. 1 1, or 2 g. red lake pigment paste 
B. 214 per 100 g. resin. In the case of the veins, either 1 g. blue pigment 
powder M. 21, or 2 g. blue pigment paste B. 266 are added. 

The injection apparatus used to fill the pulmonary veins and/or arteries 
is identical with that used to fill the bronchial tree. The apparatus must be 
adjusted with special care to ensure that the rubber tubing which connects the 
glass funnels containing the coloured resin to the cannulac inserted into the 
vessels, does not cause the cannulae to be pressed against the lungs. Even 
slight pressure on one of the mam bronchi can almost completely impede the 
flow of resin into the corresponding part of the lung. The position of the 
funnels from which the pulmonary vessels arc filled srith resin must he so 
adjusted that the lungs arc almost lifted off the Perspex tray on which they rest. 

The injection of the pulmonary vessels is made simultaneously with that 
of the bronchial tree, the coloured resin being run in from the same height 
in each case. When the vessels are full, the resin almost ceases to flow. In 
normal-size lungs this happens after approximately 200 ml. have been run 
in. At this point the rubber tubing is clamped to reduce the tendency for 
excestive injection and more |xirticularly, in the case of the pulmonary veins, 
the tendency for the resin to soak into their walls. Whenever the bronchial 
tree is topped up, the clamps controlling the flow of the coloured resin arc 
also released for a few seconds to ensure that the vessels arc completely full 
of resin when it gels. 
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In the ense of a triple cart, the macerated tissue always has to be dissected 
away, as it cannot be removed by washing alone. The fimshed 
with Marco 28 C resin mixture by the method desertbed on p. 123 to bring 
out to the best advantage the natural colours of the resin. 



n*. 

i Jii 111 lilt Utm.liul Utx. «•*'»' |nilnKiiur)r jncnrt aiitl vmn x .|/v 

Tlic frontispiece is an illiistral'um of a cast of the broncliial tree with the 
pvilmon.rry arlcrics; I-igiirc -10 shows a cast of the bronchial tree together with 
casts ol the pulmonary arteries and veins. 

4, THE imONCIIIAI, ARTEUIIX 
11 1 cast IS to lie made of the bronchial tree and bronchial arteries, lungs 
ate raliiired ssith Imth the a-cending and the upper three inches of the 
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descending aorta in situ, as the injection of the bronchial arteries is made via 
the aorta. The aorta must be carefully dissected away from the mediastinum, 
together with the stumps of the intercostal vessels. Jf jt is dragged away, there 
is a risk that the intercostal vessels may break off at their point of origin from 
the aorta, with the loss of any bronchial twigs that may arise from them. 

Short lengths of Porte.x vinyl V.Y. standard tube are tied into each of the 
cut ends of tlie aorta. A short length of rubber tubing is tied to the Portex 
tube in the end of the ascending aorta, and a screw clamp is attached so that 
this end can be closed when necessary. Except for the bronchial arteries all 
vessels given off by the aorta are ligatured. A cannula is also tied into the 
pulmonary artery. 

After the lungs have been washed out in the usual way, by running tap 
water into the trachea, deaerated water is run into the pulmonary artery. 
As some of this escapes via the bronchial arteries, most of the blood remaining 
in the latter is also washed out. Next the rubber tubing attached to the cut 
end of the ascending aorta is closed, and deaerated water is run into the aorta 
by means of the cannula attached to the other end, to complete the washing 
out of the bronchial arteries. While water is being injected into the aorta at 
a moderate pressure, the lungs are partly raised from the water in which 
they are floating, so that the posterior wall of the aorta is above the water. 

A jet of water escaping indicates the presence of any unligatured intercostal 
artery, which is then tied. 

A resin mixture of relatively low viscosity is required to fill the bronchial 
arteries. In order to reduce the inhibition of setting by water to the minimum, 
a mixture with an exceptionally short working life is used. Although only a 
very small volume of resin is required to fill the aorta and bronchial arteries, 
400 ml. should be prepared, in order to have sufficient to make the usual test 
to establish the working life, and to provide enough to fill the injection 
apparatus, and also to allow for loss of resin during manipulations involved 
in making the injection. 

The following formula is recommended; 


Marco resin 26 C 

100 g. 

Monomer C 

30 g 

Catalyst H C H 

<! g- 

Red lake pigment powder 

M. 11 

f g- 

Accelerator E 

6 ml. 
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This mixture has a working life of approximately eleven minutes at 20”C. 
It is injected by means of the Standard injection apparatus (see Fig. 29, 
and description in text, p. 115). 

Figure 41 shows the apparatus immediately before the injection is 
commenced. The injection is made in the following way. As soon as the 
accelerator has been incorporated into the red resin mixture, it is poured into 



Apj^ratut ferr the injccMm of the bronchial Irrr and bronchial 
anmei, at the nwrnwnt l«ch»cc the injeeiitin It commenced 
i'J (r '* 5 ^ dumt more fully d»e detaiU of llic Standard 
apjurattit uvd tu fdl the Wonchial artetiet Tig. 34 thovvj m 
greater r!«ad the afpatMm uwd to fill the bronchial tree. 


fltc Stantlaril apparatus, as there is no time to waste if the injection is to be 
complctcil itcforc it gels. After pinching the rubber tubing wltich connects 
the Standaril apparatus to the cannula in the cut end of the descending aorta 
to thslndgc any air trapped in it. the injection is commenced with the other 
end of the aorta oj<n. Tliis allows water in the aorta to be rapidly displaced 
tiy resm. When resin liegins to escape su the end of the ascending aorta, the 
clamp wluch controls the ojxning at this end is closed. Next tire resin Icscl 
in llic Siantlard apparatus is toppcil up anrl a considerable injection pressure 
is exerted by means of ihc enema syringe. An assistant applies this pressure, 
while the other worker feels with tsso finuers the lurgidity of the aorta, to gisc 



Cast of the bronchial tree together with the bronchial arteries x yi 
from the water bath, and the part of the wall of the aorta which lies closest 
to the trachea, and the wall of the trachea next to it, are dissected away. A 
suitably shaped piece of resin is then ocmented into the gap between the cast 
of the trachea and the aorta, so that the cast of the aorta is firmly fixed to the 
cast of the trachea. Great care is needed while this work is being done to avoid 
breaking the cast of the bronchial arteries. 

After the lungs have been macerated in acid, the subsequent washing 
away of the macerated tissue must be done with special care, as the delicate 
cast of the bronchial arteries, although lying against the cast of the branches 
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o£ the bronchial tree, has no actual attachment to it, and its finer branches 
are easily displaced. 

Only cold water is used for washing, as warm water makes the very 
slender cast of the bronchial arteries too flexible. Any arterial branches 
accidentally displaced during washing can be replaced while the cast is wet 
and consequently flexible. The cast of the bronchial arteries must not be 
touched when dry, as the slender filaments of resin become exceedingly brittle. 

The two ends of the aorta arc trimmed with burrs attached to the flexible 
arm of a dental lathe. 

After the cast has been washed, pruned and cleaned, it is immersed in 
warm water. This makes the cast of the bronchial arteries sufficiently flexible 
for final adjustment to be made of the position of any branches which are 
displaced. 

When quite dcf the cast is sprayed with a Marco resin 28 C mixture, 
by the method described on page 123. This resin cements the finer branches 
of the cast of the bronchial arteries to the branches of the bronchial tree. 
Figure 42 shows a cast of the bronchial tree and bronchial arteries, the latter 
coloured red. 

This technique should not be attempted by anyone who is not sufficiently 
experienced to be confident of obtaining invariably a perfect cast of the 
bronchial tree alone. 


Chapter iq 

CASTS FROM THE HEART 

1. the cavities and blood vessels 

T his technique provides a method for demonstrating the principal 
branches of the coronary arteries and the larger cardiac veins. At the 
same time a cast of the cavities of the heart is produced. Although a 
low injection pressure is used, the thin-walled cavities of the atria and the 
right ventricle are somewhat distended, so that the casts of these cavities are 
slightly larger than the cavities were in life. But, in spite of this defect, 
the cast of the cavities serves the useful purpose of making it easy to visualise 
the form of the heart which contained them, and in this way increases the 
value of the cast of the vessels. 

A fresh post-mortem heart, to which the lungs and ascending aorta are 
attached, is required for this technique. The Jungs are carehUy dissected away 
from the heart, so that about an inch of each of the four pulmonary veins 
remains attached to the left atrium. Short lengths of Portex polythene (or if 
sizes larger than 7.5 mm. diameter arc required, Portex standard vinyl V.Y.) 
tubing are tied into the two left pulmonary veins, the left pulmonary 
artery, the superior and inferior venae cavae, and the aorta. Short 
lengths of rubber tubing with adjustable screw clamps attached are fitted over 
all the cannulae except those into one of the left pulmonary veins and the 
inferior vena cava, so that the openings horn the cannuiae can be contre^ied 
as the requirements of this technique demand. The vessels into which no 
cannulae have been tied arc ligatured. Figure 43 shows a diagram of the 
heart with the tubes attached. 

The first step is to wash out the blood both from the cavities and the 
vessels of the heart as completely as possible. In order to avoid the risk of air 
getting into some of the vessels, the heart is first immersed in water and 
manipulated in such a way as to remove any air already in the cavities, before 
the blood Ss washed out. The heart is kept immersed in water during all 
subsequent manipulations. 

First a large volume of deaerated vv-atcr is run into the left atrium via the 
cannula in one of the left pulmonary veins. The water is allowed to escape 
153 
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via the other left pulmonary vein, until all the blood in the left atrium has been 
removed. Then further escape of water via the pulmonary vcm is prevented 
bv closing the screw clamp. The clamp at the end of the aorta is now 
opened, and more water is run into the left atrium. This flows into the left 
ventricle and escapes via the aorta. Finally the opening at the end of the 
aorta is closed, so that the water flows into the coronary arteries and escapes 
via the cardiac veins. Then the right side of the heart is washed out in a 
similar way. 



Ucjrx after cannolac ha>c l>«n attadicJ. T«o 
of thcic arc lo injca ilic roin imo tlie two 
of the heart; il«c otltcr four pro\iiJc escape 
hold from the four casnics to allow ssatcr to cscajx: 
when the castiiet are fiH«l with resin. The 
o{<ninj;s of the escape holes are cooin>!lcil by short 
lenj^hs rtf ruU>er tultinj; ami scresv clamps 


The heart is fixed by filling the cavities with 5 per cent formalin and 
placing it in a tank of 5 per cent formalin for about four days. Each day 
Some formalin is injected by means of an enema syringe into the left pulmonary 
vein, with all clamps closed, and then into the inferior vena eava. so that the 
heart is slightly slislended and fixative flows imo the vessels. This ensures 
that the svalls of the vessels are slightly stretched and also that any traces of 
blood remaining alter the preliminary washing are removed. 
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The resin is injected fairly soon after the heart has been placed in the 
formalin tank, as excessive hardening by the fixative may impede the flow of 
the resin into the vessels. The injection of resin into the right side of the heart 
is made via the inferior vena cava, and of the left via one of the left pulmonary 
veins. The clamps controlling escape of fluid from the four chambers of the 
heart are slightly opened before the injection is commenced. 

Figure 44 shows the apparatus used. The resin is injected by gravity 
flow from funnels held about 6 inches above the heart, and the apparatus is 
adjusted so that the heart is suspended in the water. 



The particular problem involved in this technique is related to the tact 
that the same resin must be used to fill rather bulky cavities and also slender 
vessels. To fill the latter a mixture with a very short working life is most 
suitable, to reduce to a minimum the inhibition of setting. Such a mixture 
would almost certainly overheat and crack if the ventricles and atria were 
filled with it. A compromise must therefore be made between the mixture 
most suitable to fill the vessels and a safe mixture to fill the cavities. The most 
suiwble resm mixture is the one with the shortest working life which docs 
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not overheat and crack in the cavities. The exact formula of this mixture 
depends on the size of the he.att. The formula given below is suitable for a 
heart oE average size. 

Two lots of 500 ml. of the following resin mixture are prepared : 


Marco resin 26 C 

100 g. 

Monomer C 

15 g. 

Catalyst H C H 

4 g- 

Red lake pigment M. 1 1 


or blue pigment M. 21 

1 S- 

Accelerator E 

4 ml. 


If preferred pigment pastes red Crystic B. 214 and blue B. 266 may be 
used instead of the powdered pigments. Twice as much paste is required 
as jxiwdcr, as the paste is made up in resin, and therefore not so concentrated. 
Altliough the pastes arc easier to mix into the resin ilian the powdered pigments, 
they arc more affected by the acid used to destroy the heart. Therefore the 
final cast has a somewhat better appearance if powdered pigments are used. 

Before the accelerator is added to the bulk of the two resin mixtures, 
ahmit 25 ml. of each is {lourcd into small beakers and placed in tlie refrigerator. 
Tins resin, which is needed later, keeps in serviceable condition in the 
refrigerator for several days. By following this procedure the extra work of 
prcp.iring some more coloured resin is avoided. 

A test (see p. 1 13) IS made to cstablisli the working life of the two resin 
mixtures. The injection is commenced six minutes before the resin is expected 
to gel. The resin is run first into the left side of the heart. The openings 
of the escape holes (vi.i the .lorta and the other left pulmonary vein) arc held 
up vertically and, as soon as rcslu begins to escape fiom them, they aic closed. 
The same prtKcdure is applied to the right side. Tlicn all escape tubes arc 
hchl upright for about .i minute to .allow any water still trapped in the c.ivities 
of the licart to float up to their openings. The four screw clamps controlling 
(lie ojKnings arc then opened slightly one by one, and closed .again as soon 
.IS resin begins to cscajv from them. Then the four escape tubes arc held 
scrlically until the resin gels, so that any water still in the four cavities of 
die heart will float up to tlicm. 

About half an hour after the resin has gelled, before it has become really 
hard, the |>ol)ihcnc tubes arc cut through fairly close to the heart willi a 
strong p.iir of scissors. The licart 5$ supported in tlic water by cotton u’oo! to 
prevent ihstortion of the casts of the blootl vessels whicli might be causcil if it 
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rested on the bottom of the receptacle. The heart must be handled with the 
very greatest care at all times after the resin has been injected, to avoid damage 
to the delicate casts of the blood vessels. 

It is necessary to Bx the casts of the left and right sides together, before 
the heart is destroyed in acid, as otherwise the two pieces would fall apart. 
This work is done the day after the resin was injected. The level of the water 
in which the heart rests is lowered and the position of tile heart arranged so 
that the ascending aorta, the superior vena cava and the pulmonary trunk arc- 
above the water. The heart should not actually be removed from the water, 
as the latter supports much of its weight. Part of the cast of the ascending 
aorta, and the adjacent parts of die casts of the superior vena cava and the 
pulmonary trunk are exposed by dissecting the walls of these vessels away. 
Small pieces of transparent resin, shaped by filing so that they fit into the gaps 
between the aorta and the superior vena cava, and the aorta and the pulmonary 
trunk, are cemented to the coloured cast by means of a little of the coloured 
resin placed in the refrigerator before the heart was injected. 

The heart is left overnight while the cement hardens. Then it is removed 
from the water and a 3 mm. diameter hole is drilled into the place where 
it is later intended to fix the mounting rod. 

The surface of the heart is gently palpated to discover if any of the casts 
of the vessels have been broken. If they have, the broken ends are repaired 
with coloured resin cement, which is applied to the broken ends after the 
adjacent walls of the vessels have been dissected away. The coronary sinus is 
opened, as water tends to be trapped here. If the sinus is incompletely filled 
with resin, the cavity is lopped up. 

After leaving the heart for eight days for the resin to mature, the tissues 
arc macerated in concentrated hydrochloric acid. During maceration the 
heart is suspended in the acid, as otherwise the weight of the cast of the 
cavities might cause the cast of some of the vessels to break, when they arc 
no longer supported by the muscle of the heart. Maceration is completed 
in about three days if fresh acid is used. 

The macerated tissues are washed away, and the cast cleaned and sprayed 
with a Marco resin 28 C mixture, by the method described on page 123. 

Owing to the weight of these casts, it is advisable to mount them in the 
position in which they hang freely on the mounting rod, rather than to fix 
them in the anatomical position, unless two reds arc used to support them. 
Figure 45 shows the inferior aspect of a cast of the cavities and blood vessels 
of a heart, made by this method. 
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Fic. 45 

Photograph of the infcrtor aspect of a cast of the cavities and blood 
vessels of the heart, x 

2. THE CORONARY ARTERIES 

A relatively large heart in fresh condition is best for this teclmique. 
The ascending aorta is cut through about one inch above the level of the 
aortic valves. Portex nolythcnc cannulac arc tied securely into each of the 
coronary arteries. After the blood has been washed out of the ehambers of 
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the heart, deaerated water is injected by means of an enema syringe into each 
of the coronary arteries, to remove all traces of blood from them. 

The cavities of the heart are loosely packed with wet cotton wool, 
introduced in small pieces with forceps via the cut ends of vessels, in order 
to prevent the wall collapsing during fixation. Then some 5 per cent formalin 
is run into each coronary artery, and the heart is placed in a tank of 5 per cent 
formalin for forty-eight hours. 

Before the resin injection is commenced, the cotton wool is removed 
with forceps from the cavities of the heart, and the coronary arteries are again 
flushed out with deaerated water. Then the heart is placed in water at about 
30®C, and left in this long enough for the tissues to be warmed right through. 

As perfect a cast as possible is needed to outline the form of the heart, 
after the latter has been destroyed in acid. To achieve this the inhibition of 
setting of the resin must be reduced to the minimum, by using a resin mixture 
with an exceptionally short working life. Although such mixtures heat up 
considerably before they gel, this does not matter when only small vessels 
are being filled. 

If the room temperature is 20°C, the following mixture is used ; 


Marco resin 26 C 

wo 

g- 

Monomer C 

30 

g- 

Catalyst H C H 

6 

g 

Red lake pigment 



powder M. 1 1 

1 

g 

Accelerator E 

6 ml. 


Four units of this mixture arc prepared. If the room temperature is over 
20"C somewhat less accelerator is added, as the working life of the mixture 
would otherwise be incanveniemly short. 

The usual test (see p. 113) is made with one unit of this mixture to 
determine the exact working life. One unit (i.e, 137 g.) is placed in the 
refrigerator for future use. The remaining two units are used to fill the 
coronary arteries. 

The injection is made by means of the Standard injection apparatus (sec 
Fig. 29, p. 115). A separate apparatus is used to fill each artery, but the two 
are injected simultaneously. 

As a mixture w’ith a very short working life is used, it heats up so much 
before it gels that the rise in temperature can be used, as well as the information 
obtained from a test to establish the working life, as an additional guide in 
deciding the right moment at which to start the injection. 
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U the room temperature is 20“C, and the working life of the mixture 
according to the test is ten minutes, the injection is commenced either five 
minutes after the accelerator is added, or when the temperature of the resin 
rises to 25 ®C, whichever is the shorter time. This method of timing the 
injcciion compensates for variation between the working life of the test sample 
and that of the rest of the mixture. A considerable injection pressure is applied 
alternately to each of the arteries for periods of half a minute until the resin gels. 
The total amount of resin injected is very small, so that success cannot be 
judged from tins. 

About half an hour after the resin has gelled, the Portex cannulae are 
cut tlirough, about yi inch being left projecting into the aorta. The heart is 
left overnight in water, resting on cotton wool. 

Tlic next day the ligatures holding the cannulae into the coronary arteries 
arc cut, and the cannulae withdrawn from the resin casts which fill them. The 
three aortic valves arc sewn together, great care being needed to avoid tearing 
them. Any liolc resulting from a tear is plugged with a wad of cotton wool 
soaked in a rather concentrated gelatine solution. The lips of the valves and 
the stitclics arc painted witli gelatine solution. When this has set. a little 
formalin is poured over the gelatine and the specimen left for two liours while 
the gelatine is hardened by the formalin. This work is done with the heart 
resting on cotton wool and Immersed in water except for the ascending aorta, 
so ih.-jt most of its weight is supported. 

Next a small amount of the resin which was placed in the refrigerator 
before the arteries were injected, is transferred to a porcelain palette, and one 
or two drops of accelerator a<i<lcd and stirred in. The resin mixture is then 
run into the cusps of each of the valves, so that they arc pressed more firmly 
together. Just iKforc the resin gels, sufficient is added to cover llic valves 
completely. Py proceeding in this way the risk is avoided of a considerable 
s^uantity of resin flowing into the ventricle while the aorta is being filled. Tiic 
remaining c.iviiy of ilic ascending aorta is then filled with resin. 

About tsvo hours after this resin lias solidified, the coronary arteries arc 
opened at their point of origin from the aorta, and if it is found that the sjiaccs 
originally occupied by the ends of the cannulae have not been filled with resin 
added later, tliis defect is ma<lc good with some more of the reserve of resin. 
The injected heart is then left immersed in water and supported by cotton 
wool for eight tlays. 

Maceration of the tissues in conccntratal hydrochloric .acid must he vert' 
thorough. Tlic specimen must not he lifted out of the acid while a considerable 
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amount of macerated tissue is still clinging to the cast of the arteries. The 
vessel containing the acid is placed in the sink, and cold water is run into it, 
so that acid and water overflow, and the macerated tissues are washed away. 
When most of the macerated tissue has been dislodged from the cast, washing 
is completed in the usual way, except that only a relatively gentle stream of 
cold water is directed on to it. Some of the macerated tissue may have to 
be teased away with forceps. 

By the method described here a very clean cast, which includes quite 
tiny branches, can be obtained. The cast is sprayed with a Marco resin 28 C 
mixture and mounted by the method described in Chapter 17. The resin 
spray somewhat strengthens the more delicate branches of the cast. The 
finished specimen must, however, be regarded as rather fragile, and be handled 
with appropriate care when taken down from the museum shelves. Figure 46 
shows a cast of the coronary arteries prepared by this method. 
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Chapter zo 

THE PREPARATION OF MODELS IN RESIN 
1. INTRODUCTION 

F or more than a century models have been used for teaching anatomy. 
Unfortunately many of iltc models produced commercially have been 
inaccurate. Those with the detailed knowledge necessary for the 
produtiion of really accurate models usually lack information about the most 
suitable materials and methods for this work. In this chapter practical details 
of tile simplest methods by which anatomical models can be made arc given, 
for the benefit of those wlio may wish to try their hand at this fascinating 
work. 

Dental tnodelling wax is the most suitable material for general purposca, 
as it is easy to use, and sunicicntly rigid to permit quite delicate structures to 
l>e nuKlcllcd witli it. Provided they arc gis’cn a general idea how to handle 
nuxlclling wax. most people can acquire a considerable •amount of skill in 
this work, which lends itself very much to the development of individual 
ingenuity. 

Wax iikkIcU arc fragile and. if used (or demonstrations, they soon get 
broken. It is desirable therefore to rcproslucc ihc original wax models in some 
stronger nutcrial, Marc<» resin is particularly 5uii.nblc for this purpose. The 
mciluKls rccommcntlcd arc somcwliat laborious, but relatively simple to master, 
e\cn by t)i<;se svlio have h.id no previous training. The construction of a model 
of the ffiueici of the c^r an<} the tym^ank membmne, enlarged 10 ihamctccs. 
has Ixren selected to illustrate the gcncr.nl procedure and special problems most 
frcsjucntly cncountcrcsl in this type of work. Figure 47 shows the completed 
resin cast of the mfxlcl. 

2, MODELLING IN WAX 

No. 4 tnuglicncd svax. supplied in sheets jucked in I lb. Isoxcs. manu- 
factured by the Dental .Manufacturing Co. Ltd. (see Appendix), is suitable for 
all arut(>mical nuxlclling. 

'Diis svax melts at 59'C. At tlic normal room temperature of 20*C 
it Is quite hard, but when ssarmed toalsout 45’C it l>rconirs sudicicntly (ilaslic 
tr> l>c m'xJrllrd by pressure with the fingers. 
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If a greatly enlarged model is to be made, as in the case of the ossicles 
of the ear, careful outline drawings are first made to the required scale. The 
drawings are made with the aid of cither a low power binocular microscope 
or with binocular magnifying spectacles (see Fig. 11, p. 35). The general 
proportions of the drawings are checked by measurements. 



Fig 47 

Kesin cast, rcproJuccd from tvav models, of the ossicles 
of ihe car and the tympanic membrane The models 
were made ten times linear the size of the actual ossicles 


The next step is to make a solid block of modelling wax roughly the same 
size and shape as the model. In the case of a compact model like the malleus 
the block can be made by constructing a crude hollow mould with Plasticine, 
which is built up on a base consisting of a small sheet of glass. Modelling 
wax is melted in a beaker, and poured into the mould. When the wax is 
quite cold, the Plasticine is removed. In the case of a relatively flat structure 
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like ihc tympanic membrane, the modelling is commenced by cutting an oval- 
shaped piece out of a wax sheet. 

Before modelling is commenced, the wax must be warmed right through 
to a temperature of about 45‘’C. This can be done either by immersing the 
wax in water at about 45 X until the block is warmed, or by holding the block 
in front of an infra red lamp, and rotating it so that u is warmed equally on 
all sides. The distance the block is held away from the lamp is adjusted to 
produce tlie desired degree of plasticity in the wax. If the wax gets too soft 
it becomes unmanageable, 

Wlnlc warm, tlic wax can be shaped by squeezing it with the fingers, and 
pressing ns surface with various insirumcnis. Pieces of wax can be welded 
on to ilic mam block hy holding them in the icquircd position and momentarily 
melting ilic two surfaces to be joined with the blade of a scalpel which has been 
heated in the biinsen. The hot blade is passed between the tsvo surfaces to be 
]oincd, while the latter arc held in apposition. If the scalpel blade is at the 
right temperature, it passes easily through the wax, which is melted 
momentarily, and solidifies almost instantly. 

Any cracks wliich appear in the wax during modelling arc repaired by 
momentarily inciting the wax with a heated scalpel blade, or a needle mounted 
on a handle. Air trapped in die wax is removed by melting llic wax with a 
lioi needle, so that the air bubbles come to the surface. It is important to see 
that the model is composci! of a really solid block of wax, rather than a 
number of pieces licUl insecurely together in places. In the hitler condition 
the moslcl is fragile, and consequently difficuU to work on witliout breaking it. 

The final mo<lclling is best done with the wax quite cold, by scraping 
or carving away the surplus. The surface of the almost completed wax model 
can he smootlicd by applying a rounded metal surface, such as the handle of a 
lcas|X)on, he.itcd to such a temperature in the bunsen that when lightly drasvn 
across the surface of the w.ix it momentarily melts it. Finally the surface is 
jxihshcd witli a wad of cotton woo! soaked in benzene which dissolves the 
surface of tlic wax. 

The incus is miKlcllcd in the same way as the malleus. In order to get an 
arlicuiar surface on the incus which fils that of the m.iHcus, and at tlic same 
time to ensure that the moslcls of the two bones are correctly related to cacli 
other when the articular surfaces are brought together, the miHlcl of tlic incus 
is warmctl until plastic, and then its articular surface is firmly pressed against 
that of the mwlcl of the malleus, the latter being cold. In this way the 
articular surface of the motlcl of the incus is pressed into the sliajsc rcquirc<l. 
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While the two models are held in apposition, the short and long processes 
of the incus can also be bent into their correct position relative to the malleus. 
(In order to determine the correct positions, it is necessary to articulate the 
bones themselves, which fit together perfectly.) 

No special problems are encountered in modelling the stapes except 
that, being rather a delicate structure, it is easily broken. It is not however 
practicable in this case to start with a block of wax. Strips cut from a sheet 
of wax are softened by holding them either over a bunsen flame or in frorit 
of an infra red lamp until they are plastic. Then they are pressed into the 
rough shape, and welded together before more wax is added. 

The thickened rim round the tympanic membrane is built up by welding 
strips of wax on to the margin of the ova! sheet from which the model of the 
membrane is made. If it is desired to represent the membrane as smoothly 
conical, this is most easily done by preparing a suitable block of Dentrusec 
plaster and shaping it by scraping it with a scalpel and smoothing it with 
abrasive paper. The model of the tympanic membrane is then shaped by 
pressing the warm wax sheet on the plaster former. 

3. PREPARATION OF NEGATIVE MOULDS 

Although Denirusct plaster can be used to make negative moulds, Kaffir D 
plaster (sec Appendix) being harder, is more satisfactory. Unless only one 
resin cast is to be made, the negative moulds must be so constructed that there 
arc no undercuts, the presence of which makes it impossible to remove the cast 
without breaking the mould. Each mould consists of a minimum of two 
pieces, but frequently it is necessary to make them in three or more pieces, in 
order to avoid undercuts. Careful thought is required to decide how many 
pieces are necessary, and the extent of each piece. Two initial attempts at 
this work may be necessary before a successful result is obtained. 

The design of the mould must be such that any long slender process on 
the model lies longitudinally half in one piece and half in another. Other- 
wise, even though there are no undercuts, the process is very likely to break 
off when the wax model or the cast is removed from the mould. This point 
is well illustrated in the construction of the negative mould for the model of 
the malleus, W'hich has three slender processes (sec Fig. 49). 

The moulds arc made in the following way. The wax model is partly 
embedded in Plasttcine, which is first pressed on to a rectangular piece of glass. 

As much of the model is allowed to project above the Plasticine as is possible 
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without causing undercuts to be produced when the projecting part is 
embedded in plaster. The Plasticine is pressed and smoothed around the 
model so that it is surrounded by a more or less horizontal rim of Plasticine. 
Oblong slots arc cut in the Plasticine rim, which produce corresponding 
projections in the piece of plaster. These keys lock into place the other piece 
or pieces of plaster of which the completed mould is made. The wall of the 
Plasticine rim is made perpendicvilar to the glass base, by scraping it with a 
glass slide. If the Plasticine sticks to the instruments used to shape and smooth 
it, tins is prevented by the application of a little oil to the surface. 



Tic 


Wi-i m<Kicl of ilie jurtly ,n jim before ilie cariiU).ircl 

^sA\ u fixeil afooni! « 1h< cafdlojfil f.wnii wall of a <hambcr atH>xc ilic model, 

intr. wbidi tbe I.1.1MCT » j^-ored. m tbc fira Hajjc of the cooMruclion f,f |j,c 


Next the Pl.islicinc is surrounded by a wall made of a strip of very thin 
cardboard, impregnated with lurafTm wax to make it waterproof. The wall 
must project ahoui an inch above the highest part of the model and is held in 
pl.uc by Scllotaisc, reinforced by Plasticine applied to the outside, by pressing 
It against both the gl-ass base and the cardl>oard. Figure 48 shows the mode! of 
the m.illcus. partly cmbctldctl in Plasticine, just before the cardboard wall is 
fixeil in ixrsition. Tlic cardboard forms ihc wall of a chamber width is filled 
with plaster, to form tlic Insc-piccc of the negative mould. 

before the plaster is jxiurcd into the chamher, the whole of the inside 
of the latter is painted wiiii water to which a suflicicnt number of ilrops of 
20 i^cr cent Mannxol O.T. (see Apjxrmlix) have been added, to ensure that 
the water wets ilie whole surface, instead of pulling away into droplets. Tlic 
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application of this wetting agent prevents air bubbles clinging to the surface of 
the model and the Plasticine when the plaster is poured in. 

Kaffir D plaster is prepared for use by mixing 100 parts by weight of 
the plaster with 40 parts of cold water. The water is placed in a rubber 
mixing bowl and the plaster added. The mixture is stirred with a plaster 
mixer until the mi.xture has a creamy consistency without lumps. (It is 
important that the plaster be added all at once, as this procedure produces a 
harder and tougher plaster cast than if the powdered plaster is added gradually.) 
Next, the bottom of the bowl is sharply struck a number of times, in order 
to bring to the surface as much as possible of the air in the mixture. Then 
sufficient plaster is poured into the chamber constructed of plasticine and 
cardboard, to immerse the highest part of the model to a depth of about half 
an inch. The glass base of the chamber is now tapped and shaken until the 
plaster sets, to get rid of any air bubbles still in the mixture. 

The plaster sets about fifteen minutes after mixing. After about thirty 
minutes it will be sufficiently hard for the cardboard to be removed, and for 
the piece of plaster to be lifted away from the model and the Plasticine. If 
too much of the wax model has been allowed to project above the Plasticine, 
so that undercuts are produced, the wax model comes away adhering to the 
plaster. If this happens the edges of the plaster next to the wax are scraped 
away, before the plaster gets really hard, until the undercuts are eliminated 
and the wax model can be detached. 

The piece of plaster is placed overnight in a drying oven at a temperature 
of about 45‘’C. When it is quite dry, the cavity and flange around it are 
given two coats of a 20 per cent solution of orange flake shellac dissolved in 
industrial spirit, applied at intervals of about an hour. Sufficient shellac is 
applied to produce a shfny surfirce. 

The piece of plaster is left overnight for the shellac to become quite hard. 
Then the shellacked surface is coated with a thin film of vaseline, which acts 
as a separating medium. Next the piece of plaster is placed on the table with 
the shellacked surface uppermost, and the %vax model is replaced in it. 

The plaster is surrounded with a strip of waxed cardboard. If it is 
necessary to complete the mould in more than one piece, a Plasticine wall is 
built between the opposite sides of the waxed cardboard and carefully pressed 
against the plaster and wax model, so that a chamber is formed into which 
the plaster forming the next piece of the mould can be poured. 

The second piece of plaster is made in the same way as the first. The 
third piece of plaster, which completes the negative mould, is made by 
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wiiliout causing undsrcuis to be produced when the projecting part is 
embedded in plaster. The Flasticlne is pressed and smoothed around the 
model so that it is surrounded by a more or less horizontal rim of Plasticine. 
Oblong slots arc cut in the Plasticine rim, which produce corresponding 
projections in the piece of plaster. These kej's lock into place the other piece 
or pieces of plaster of which the completed mould is made. The wall of the 
Plasticine rim is made |>crpendicular to the glass base, by scraping it with a 
glass slide. If the Pl.isticinc sticks to the instruments used to shape and smooth 
It. tins is presented by the application of a little oil to the surface. 



Tic 

Wix n«»lcl ill ihe ciuUfiiv juoly fmlK.Wed ,n ju« lKf«.re Oic cardNora 

«J|1 ,t Tile ofitUun! f«jfnu the watt of a chaml>cr aU^c llie nuM, 

mm wiiicli the plawcf n j’otifctl, m the fittt of tlic tonwructioti of the negntUe 
mould 

Next the Plasticine is surrounded by a wall made of a strip of very tliin 
cardboard, iniprcgnaicd with paraffin wax to make it waterproof. The wall 
must project ahom an inch above the highest (tart of the model and is held in 
place by Scllota|>e. reinforced by Plasticine applied to the outside, by pressing 
If againu l>ofl» the ghiss hate ami the cardboard. Figure -18 shows the mode! of 
the malleus, partly cmlicthlctl in Plasticine, just before the cardboartl wall is 
fixctl in jxrtitton. TIk cardlxiard forms the wall of a cbaml>cr wliich is filled 
willi plaster, to form tlic base -piece of the negative mould. 

before the plaster is |xiurcd into the cbamlicr. the whole of ilic inside 
of tfie latter is jutnicd witli water to which a sudicient numlicr of tirops of 
20 {<r cent Manoxol O.T. (see Apj<iulix) have l>ccn aihlcil, to ensure that 
the wafer wets the whole surface, instead of pulling aujv into droplets. Tlie 
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following the same procedure. Finally a filling hole and arty escape Wes w-hich 
may be necessary to allow air to escape when the mould is being filled ui 
resin, are drilled in the two pieces which form the top of the mould, ihe 
holes are drilled from the inside, as when the drill emerges from plaster, it 



Fig 49 

Wa\ model of ibc malleus, and llie three pieces of 
plaster, of vshich ilie negatne mould is composed 

usually breaks a small fragment of plaster away. The outside of the filling 
hole is enlarged with a counter-sinking drill so that it is cone-shaped. Figure 49 
shows the model of the malleus, and the three parts of the plaster mould. 

The negative mould of the model of the incus is constructed in exactly 
the same way as tliat of the malleus. The mould of the model of the 
tympanic membrane can be made of two pieces, as shown in Figure 50. Note 
the filling hole and air escape hole in the upper part of this mould. 


THE PREPARATION OF MODELS IN RESIN 171 

The solution is applied cold with a sable water-colour brush to all 
shellacked surfaces of each mould, including the filling and escape holes. The 
separate parts of the mould are left for two days for the polyvinyl alcohol to 
harden before the mould is assembled. 

After the two or three parts of a mould have been assembled, a length of 
Sellotape is wrapped right round the vertical wall of the mould, over the 
junction between the upper and lower halves. Next the mould is placed on 
a sheet of glass, and a sheet of Plasticine, previously rolled out flat on a sheet 
of plate glass in the same way that pastry is rolled out, is wrapped round the 
vertical walls. The Plasticine is pressed firmly against the glass base and 
against the walls of the mould. It must extend just above the upper surface 
of the mould. The purpose of the Sellotape and the Plasticine is to hold the 
pieces of the mould firmly together, and to prevent leakage of resin. The glass 
base facilitates handling of the mould, without risk of disturbing the Plasticine. 

The following resin mixture is suitable for filling the moulds : 


Marco resin 26 C 

100 

g- 

Monomer C 

35 

g- 

Catalyst H C H 

4 

g- 

Crystic resin IS2 



(plasticiser) 

10 

g- 

Accelerator E 

1 ml. 


Pigment paste or powder is added as desired. White with a trace of 
yellow gives a satisfactory colour for casts of the ossicles, but transparent resin 
is more suitable for the cast of the tympanic membrane. The inclusion of the 
plasticiser is not essential, but it makes the casts less brittle. 

Before the accelerator is added to the coloured and clear resin, to be used 
to fill the moulds, a little of each is decanted into small beakers, and placed 
in the refrigerator. This is used later, for filling up any air holes in the casts, 
and for cementing the two halves of the stapes together. 

At a room temperature of 20”C the mixture has a working life of 
about 2 hours, unless pigments are used which materially affect the working 
life. In the latter case some adjustment of the amount of accelerator added 
may be necessary. 

After the accelerator has been stirred in, the mixture is left standing for 
fifteen minutes until all air bubbles have risen to the surface. The resin is run 
into the moulds from apparatus consisting of a funnel, to which a slender 
Portex polythene delivery tube is connected by rubber tubing. The rate of 
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Owing to difficulties concerning undercuts, it is necessary to cut the 
model of the stapes into more or less symmetrical halves, and make a separate 
mould of each half, as <hown in Figure 51. The resin casts of the two pieces 
of the stapes can be cemented together so that the join is almost invisible. 

Finally the separate parts of each mould are assembled, and the walls 
rubbed with abrasive paper so that, when the mould rests on the table, they 
are smooth and vertical. Traces of vaseline are removed from the shellacked 
surfaces by wiping them with a wad of cotton wool soaked in benzene. 

4. PRODUCTION OF RESIN CASTS FROM NEGATIVE MOULDS 

The cavjty and the surfaces of the mould which come in contact with 
each other, are carefully examined, to see that they have a continuous shiny 
skin of shellac; if not, another coat of shellac is applied, and the parts left 
for twenty-four hours for the shellac to harden. The shellac serves two important 
purposes. It closes the pores in the surface of the plaster, facilitating the 
application of the next coat, and also enables the parts of the mould to be 
separated after they have been filled with resin and the latter has hardened. 
The separation is achieved by soaking the moulds in spirit, which dissolves 
the shellac. 

It is necessary to cover the shellac with a film of a suitable type of polyvinyl 
alcohol, such as Mowiol 50-88 (see Appendix), as resin clings to shellac and 
also renders it quite insoluble in spirit. The following solution is used for 
this protective film : 

Mowiol 50-88 15 g. 

Water 100 ml. 

Glycerine 0.5 g. 

Manoxol O.T. 20% 

solution 2 ml. 

Formalin 2 ml. 

The glycerine is added as a plasticiser, to prevent the film of polyvinyl alcohol 
from cracking. The Manoxol is a wetting agent, which enables an even film 
of the solution to be applied. The formalin is a preservative. This solution 
keeps indefinitely. 

Mowiol 50-88 is not readily soluble in water. It is dissolved by heating 
the water to a maximum temperature of not more than 80®C and by stirring 
continuously to avoid local overheating. 
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The solution is applied cold with a sable water-colour brush to all 
shellacked surfaces of each mould, including the filling and escape holes. The 
separate parts of the mould are left for two days for the polyvinyl alcohol to 
harden before the mould is assembled. 

After the two or three parts of a mould have been assembled, a length of 
Sellotape is wrapped right round the vertical wall of the mould, over the 
junction between the upper and lower halves. Next the mould is placed on 
a sheet of glass, and a sheet of Plasticine, previously rolled out flat on a sheet 
of plate glass in the same way that pastry is rolled out, is wrapped round the 
vertical walls. The Plasticine is pressed firmly against the glass base and 
against the walls of the mould. It must extend just above the upper surface 
of the mould. The purpose of the Sellotape and the Plasticine is to hold the 
pieces of the mould firmly together, and to prevent leakage of resin. The glass 
base facilitates handling of the mould, without risk of disturbing the Plasticine. 
The following resin mixture is suitable for filling the moulds ; 


Marco resin 26 C 

100 g. 

Monomer C 

35 g. 

Catalyst H C H 

5 g- 

Crystic resin 182 


(plasticiser) 

10 g. 

Accelerator E 

1 ml. 


Pigment paste or powder is added as desired. White with a trace of 
yellow gives a satisfactory colour for casts of the ossicles, but transparent resin 
is more suitable for the cast of the tympanic membrane. The inclusion of the 
plasticiser is not essential, but it makes the casts less brittle. 

Before the accelerator is added to the coloured and clear resm, to be used 
to fill the moulds, a little of each is decanted mto small beakers, and placed 
in the refrigerator. This is used later, for filling up any air holes in the casts, 
and for cementing the two halves of the stapes together. 

At a room temperature of 20X the mi.xiure has a working life of 
about 2 hours, unless pigments arc used which materjally affect the working 
life. In the latter case some adjustment of the amount of accelerator added 
may be necessary. 

After the accelerator has been stirred in. the mivturc is left standing for 
fifteen minutes until all air bubbles have risen to the surface. The resin is run 
into the moulds from apparatus consisting of a funnel, to winch a slender 
Portex polythene delivery tube is connected by rubl)cr tubing. The rate of 
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flow c£ resin is regrflated by means o£ an adjustable screw clamp attached to 

the rubber tubing. The apparatus is shown in Figure 5Z. 

Tterel Lst be run in at a steady flow, regulated so that the cone- 
shaned filling hole is kept full all the time. If the flow is intermittent, or 
too Vv, air^nd resin will be drawn into the mould together. While each 
mould is being filled, it is tilted in such a way as to facilitate the complete 
displacement of the air by resin. 



Wlicn the mould is completely full, loosely fitting pieces of wire arc 
placed m each of the holes. The wires displace most of the resin in the holes, 
and so facilitate the subsequent detachment of the resin cast from the plaster. 
Hut they must be removed soon after the resin gels as, if left in position until 
It IS really hard, they arc cemented so firmly into the holes that it is impossible 
to withdraw them without damaging the plaster. 

The moulds arc left for four days while the resin hardens. Then the 
Plasticine and Scllotape arc removed and the moulds arc immersed in 
industrial spirit for twenty-four hours. Then they arc removed from the 
spirit and the individual parts gently pulled apart. If they do not readily 
separate, they arc returned to the spirit for a further twenty-four hours as, if 
force IS used to separate them, the moulds may be damaged. 

After the resin casts have been removed, tlic pieces of plaster are gently 
brmlictl with spirit, until all traces of shellac have been removed. They arc 
tlrkd in an oven at about 45”C, before being prepared for future use. 
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If a piece is broken off a plaster mould, it can be stuck on again with a 
cement based on Marco resin 28 C (see p. 196). This resin is more suitable for 
this particular work than Marco resin 26 C. 

The resin casts are washed in hot water to remove any polyvinyl alcohol 
adhering to them. Excess resin at the junction between the individual parts 
of the mould is filed away and any air holes arc filled with some of the resin 
previously placed in the refrigerator for this purpose. 

Finally, any defects on the surface of each cast are removed by rubbing 
with various grades of waterproof carborundum paper, finishing with grade 
500, which produces a smooth matt surface. 

The separate casts are cemented together with resin cement. While the 
cement is setting the individual casts arc held in their correct positions with 
Plasticine. 



Chapter zi 

CASTS FROM THE BRAIN 
1. INTRODUCTION 

T he first accurate figure illustrating the form of the cerebral ventricles 
was published by Gustav Rctzius in 1900. This figure, which is a 
composite one, was drawn from a number of incomplete casts of the 
venlnclcs, as Rctzius found it impossible, using Wood's metal, which was the 
most suitable injection mass available for this type of work at the time, to 
obtain a complete cast of what he regarded as typical cerebral ventricles. For 
the next fifty years Retzius’s illustration was reproduced in most standard 
text books. 

The technical difficulties involved in making casts of the cerebral 
ventricles depend largely on whether the latter arc plump, as in Figure 53, or 
slender as in Figure 54. It is much more difficult to obtain a perfect cast of 
slender ventricles than plump ones. 

When Marco resin is used to make casts of the cerebral ventricles, a 
complete cast can be obtained every time, no matter what type of ventricular 
system is being filled. For although the initial injection rarely fills all the 
cavities, tlicy can be topped up with resin where necessary, during the 
subsequent removal of the brain from around the cast. The brain is removed 
by very carefully slicing it away. By this procedure the worker can be certain 
that the finished cast really represents the full extend of the original cavities. 
The first prerequisite for success in making casts of the cerebral ventricles 
is to fix the brain with the minimum distortion and shrinkage, before the mass 
IS injected. 

Several special problems arc encountered in the injection of tlie resin. 
The cavities to be filled arc culs-dc-sac. It is impracticable to provide sufficient 
escape holes to allow all the fluid or air in the cavities to escape freely when 
it is bemg replaced by resin. It is equally impossible to avoid certain leakages 
as. (or example, from the third vcnlriclc. resulting from accidental rupture of 
its roof and floor. In the case of the fourth ventricle, resin often escapes from 
the foramen of Magendic more rapidly than it enters through the aqueduct, 
unless the latter is unusually wide. The slender form of some of the cavities 
174 
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greatly increases the difficulty of filling them completely. And even when a 
perfect cast has been produced, care is needed to isolate it from the brain 
without damage. 

A model of the cerebral ventricles can be made in modelling wax, though 
this is a somewhat difficult task for those who have had no previous experience 
in this type of work. As a wax model would soon be broken if used for 
demonstrations, it is desirable to reproduce it in a stronger material. Marco 
resin 26 C is suitable for this work. 

Once a satisfactory wax model of the ventricles has been made, the 
production of a hollow model, embedded in a rectangular block of transparent 
resin, is comparatively easy, though rather laborious. 

2. CASTS OF THE CEREBRAL VENTRICLES 
00 ADULT 

The brains used for this work are removed at post mortem and fixed 
in 10 per cent formalin, by the method described on page 64. They should 
be left in formalin for a minimum period of six weeks before the ventricles 
arc filled with resin, but satisfactory results can be obtained after much 
longer storage in form.ilin. Although about J per cent general shrinkage 
and I per cent distortion occur during fixation, this is insignificant when 
compared witli the natural variation in the size of the ventricles. 

When fixed brains arc injected with resin, it is impossible to produce an 
artificial distortion of ilic ventricles, resulting from excessive injection pressure. 
For unless extremely low injection pressure is employed, the floor and roof of 
the third ventricle arc ruptured, and resin also escapes from the lateral ventricles 
as a result of the white matter splitting in the planes through which the 
fibres run. 

Before a fixed and Itartlcncd brain is prepared for the injection of the 
resin, it is useful to take an antcro-postcrior ventriculogram. This indicates 
whether tlic ventricles arc plump, and therefore comparatively easy to fill with 
resin, or slender, in wliich case sjiccial care is needed. Figure 55 A shows a 
ventriculogram, (taken at a slightly later stage when the injection holes have 
been made and ibc injection cannula inserted). This figure shows clearly the 
type of ventricles. Figure 55 H shows a photograph of the actual resin cast 
of one of the ventricles made from the same brain, taken before the brain 
tissue liad been removed from around the other ventricle. 

The first step in prcjiaring the fixed brain for injection is to drill holes 
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A. Anteroposterior \ entriculogram of a brain 'vh 7 j the iri^l injection 
tube in position Note the shadow of the escape hole drilled in the 

opposite hemisphere 

B Photocraph of the same brain after the injection of the resin, with 
one half of the brain removed from the cast, x 4 9 (Fig Co is a lateral 
\icw of the same specimen) 


into each cerebral hemisphere. The holes arc drilled by means of a short 
length of brass tube, of about 5 mm. internal diameter, one end of whicli has 
been sharpened on n hone, so that it resembles a cork borer. The unsharpened 
end of the brass tube is attached by rubber tubing to the vacuum pump, and 
the tube is then inserted vertically through ll.c precentral gyrus of eacl. 
cerebral hemisphere, about 1.5 cm. away from the longitudinal ssurc (see 
Fi<T. 55 A and Fie. 56). The tube is rotated as it is pressed into the brain to 
enture that it cuts cleanly. Except in the c.asc of very sicn.icr ventricles, tv hen 
the tube enters the ventricle, the piece of brain tissue tvith.n the tube .s sucketl 
into the rubber tubing, and a gurgling noise is heard as the tacuum pump 
sucks a mixture of .air and water on, of the ventricle. Before .lie second 
hole is cut, the brain thsue must he removed from the rubber tubing, in ease 

it impairs the cfilcicncy of the v.ncuum pump. 

In the ease of slender ventricles, the boles are cut to a .leptb of abmU 
5 cm. If no ebarae.eris.ie noise indicates tlia. the ho es ' 

ventricles, the brain it immersed in tva.er anti air is " " " ” , 

hole. If the air blown into one ven.riele does no. ewape la ■ ' 

other, the depth of each bole it slightly extended. U ben di s dene Sf^ia 
care is needed to prevent fragments of beam nstue. cut olT ttben the tu.ie i, 
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reinserted into one o£ the holes, from dropping into the ventricle. Such 
fragments may become lodged in one of the interventricular foramina 

immrdise the success of the resin injection. 

^ Air must always be blown into both holes while the brain is immersed 
in water. Sometimes when air is blown into one it escapes freely from he 
other, but will not pass in the reverse direction. This is usually due to a little 
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Anterior siew of a coronal section of the brain 
just anterior to the pons, to show the brass 
iuIk* inserted into one of the lateral ventricles, 
and a hole bored into the other, in preparation 
for filling the ventricles with resin. 


flap of while matter on the roof of one of the lateral ventricles, which was 
not cut cleanly away by the boring tube, and which acts as a valve. 
Such an obstruction can be dislodged by means of a slender probe with a small 
semicircular blade projecting at right angles from the end. 

It is frequently found that the lamina tcrminalis is ruptured, and the 
pituitary recess opened through tearing the pituitary stalk during the removal 
of the brain from the cranium. In order to prevent excessive escape of resin 
from these places, and from the foramen of Magcndie, when the injection 
is being made, sm.all wads of cotton wool are first placed over these openings, 
and then the wliolc liase of the brain is coated with Dentruset plaster. The 
otton wool prevents the plaster entering the ventricles. The plaster also holds 
the cerebellum firmly to the cerebral hemispheres. 
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300 ml. of the following resin mixture are used for the injection of 
each brain : 


Marco resin 26 C 

100 

g 

Monomer C 

15 

g 

Catalyst H C H 

4 

g 

Pigment paste 

1 

g- 

ar Pigment powder 

0.5 

g- 

Accelerator E 

3 ml. 


The above formula is suitable for working at a room temperature of 20 C. 
As a viscous mixture with a working life of about twenty minutes is required, 
the monomer C and accelerator E content require adjustment if the room 
temperature is considerably more than 20“C. This is one of the few resin 
techniques which can be undertaken successfully in comparatively hot weather. 

Before the accelerator is added, about 50 ml. of the mixture arc decanted 
and placed in the refrigerator for future use. 

The injection is made by gravity flow, using the apparatus shown in 
Figure 57. The brain is immersed in water at 30X during the injection. 
The water supports most of the weight of the brain and so prevents distortion 
and, as the water is lO^C warmer than the working temperature, resm 
escaping from leaks gels before the resin in the injection apparatus, and so 

seals the leaks, while resin can still flow in. , i . u..c 

The injection of the resin is commenced as soon as the accelerator ha 

been incorporated and the apparatus filled. The resm ts 

the tube used to drill the holes into the lateral ventricles. The tube is m er ted 
into one of the holes and resin ,s allowed to flow in un^ “ ““P ™ 

other^ Then the tube is i--ed^n.o ^e c.h^ 
the flow of resm is reversed. I he resm is an w 

but not so rapidly that all the rubber tubing 

ts adjusted by means of the scrOT P j, |,eld 

connerting funnel to the m|«n ,„d Jcipital lobes arc compressed from 
tn various positions and the and posterior 

time to time, in order to displace wa 

horns, so that they may be filled „f flow is .again 

escape from the escape hole in one p advisable to wear a pair of 

reversed, and the same procedure repea c . protect the hands from 

household rubber gloves during ™"Yey are takcL off. by wiping away 
the resm. The gloves arc cleaned betorc tnc> 
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the resin on tlicm svith large rvads of cotton wool soaked in Homacol or other 

hqnuWkterg ventricles via one hole and escape freely 

via the other until it gels. The escape hole must not be obstructed as, althoug i 
this is an effective way of forcing resin into the fourth ventricle, it increase 
the injection pressure sufficiently to rupture the roof of the third ventricle. 



f"*" the cffd>ral \cnirklci with rewn 


When tlic resin has pcllcsl, ihc injection tube is witiulrawn, anil llic hram 
IS left immcrscil in water overnight while the resin hardens. After the bulk 
of the plaster has liccn removed with hone forceps, the brain is sliced away 
with horizontal slices from llic lop, until the level of the boilics of the lateral 
ventricles is reached. If these arc not completely filled, they arc topjscd up 
with a httic of the resin from the refrigerator, after the addition of accelerator. 
Tlic resm can l>c run into the cas-iiy from the hladc of a scal|Kl. 

As siwn as the mixture used for topping up has hardcnctl sufnctcnlly, the 
work of removing the hrain tissue is resumed. Tliis must l»c done with sjsceial 
care in tlmv: arras sshcrc cx|x:ricncc indicates that topping up is frckiuciuly 
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necessary. The temporal horns are often incompletely filled. If it is desired 
to preserve in the cast an indication of die full extent of the ependyma, the 
upper and lower surfaces of which arc usually in contact in much of the 
temporal horns, this can be done by removing the roof of the temporal horn, 
and applying a thin layer of resin over the area where no cast has been formed. 
As this area is dome-shaped, consisting of the upper surface of the hippocampus, 
it is necessary to apply the resin when it is on the point of gelling, and to scrape 
it back as fast as it flows off the summit of the dome, until the resin gels. 
It is sometimes necessary to apply the resin in two stages, in order to get an 
adequate layer. Surplus resin is trimmed away with a sharp scalpel, before 
it gets too hard to cut. The posterior horns are often incompletely filled, 
especially if they are very slender. Frequendy however posterior horns are 
absent on one or both sides. 

The only part of the third ventricle which is often incompletely filled 
is the suprapineal recess. This was overlooked in the preparation of the cast 
shown in Figure 53. The concave surface seen in the lateral view of the cast 
of the third ventricle of this specimen indicates where air or water prevented 
the primary injection from filling the recess. 

The fourth ventricle is best approached from the side of the brain, by 
making vertical slices through the cerebellum. More often than not it is 
incompletely filled. If the aqueduct itself is not filled, its cavity is slightly 
enlarged, so that, with the brain resting on its side, a little trough consisting 
of brain tissue is formed. This is filled with resin. Surplus resin is removed 
from the isolated cast by filing, to reduce the cast of the aqueduct to norma 
dimensions. The provision of an artificial aqueduct is ra'her difficult, bu 
fortunately it is very unusual for the aqueduct not to be filled by the primary 


Before the completed cast can be freed from the remains of the base of 
the brain, it may be necessary to remove a certain amount of resin wh^h has 
escaped from the third ventricle. This is done with bone forceps, after die 
cast has been soaked in water at about 40"C to make the resin ^ 

so reduce the risk of breaking part of the cast. When this 
boldness tempered by judgment is needed. In the event of the cast itself being 
broken, it can be repaired by means of resin cement. 

It is advisable to join the lateral ventricles with a bridge of 
resin, as this greatly strengthens the cast. A small piece “f 
until it fits the gap between the lateral ventricles, and ,s then cemented tnto 


place. 
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Figure 58 has been selected from thirty casts to represent typical 
cerebral ventricles. The choice was based on three considerations: the cast 
is not too plump, it is not too slender, and the posterior horns are asymmetrical. 

The value of the casts as aids in the interpretation of ventriculograms is 
enhanced if X-ray photographs of each cast are displayed alongside. Without 
the addition of any radio-opaque material, Marco resin gives an X-ray picture 
of good contrsst for the interpretation of shadows, as shown in Figure 59, 
which shows an anteroposterior photograph and an anteroposterior X-ray 
projection of one of the casts. 

In order to dernonstrate the position occupied by the ventricles in the 
brain, a wet specimen can be prepared, in which the brain is removed from 
only one side, as shown in Figure 60. 
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{!,) FOETAL 

When casts of foetal ventricles arc prepared, some modifications of 
technique arc necessary. The foetal brain is far too delicate to inject with 
resin after removal from the skull, so it is injected in situ, after remosa 

of the top of the skull. 

The brain is fixed by perfusion with 10 per cent formalin via the carotid 
artery. Then the head is placed in 10 per cent formalin. After twenty four 
hours, the top of the skull and adj.iccnt dura are removed, and the head is 
left for two weeks in formalin before the resin injection is made. 



Tic 6i 


OW«|oc xcnirjt \icw o{ n 
catt of the Ijieral ventricles 
of 3 IS weeks* (oeiuf (natural 
lire). 

As a very small amount of pressure within the ventricles ruptures tiie 
foetal brain, tlic resin is injected by means of a relatively fine cannula, into 
comparatively large boles bored into the cerebral hemispheres. Tlic large 
holes allow the resin to escape freely from both hemispheres at the same time. 
Double ibc normal amount of accelerator is aildcd to the resin mixture, to 
reduce the inhibition of setting. Tliis mixture gels in about twelve minutes 
at2(rc. 

Figure 61 shows a cast of the lateral ventricles of a twelve-weeks’ oUl 
foetus When the scntriclcs of foetal brains between the ages of twelve and 
sixteen weeks arc injected with resin, usually only a cast of the lateral scntriclcs 
is olitatncd. though in exceptional cases the third and fourth scntriclcs arc 
alsf) tilled. 



CASTS FROM THE BRAIN 


185 


3. A SOLID MODEL OF THE CEREBRAL VENTRICLES 

A wax model of the ventricles is first constructed in No. 4 toughened 
wax, by the procedure described in Chapter 20. The model is constructed in 
three pieces, consisting of the left lateral ventricle, the right lateral ventricle, 
and the third and fourth ventricles. A length of wire is incorporated m the 
aqueduct to strengthen it. 



When the three pieces have been more or t^^n 

temporarily stuck togctlier by '' ''‘*'"8 ‘|'™, ntfi'cles are bent and trimmed 
tlie lateral ventricles. Tl.cn the two lateral ventr cles 

so that the desired degree of symmetry is o ' constructed of 

After the motlel has been compIet«l. a P ^ 

Dentruset plaster, on which the three 

facilitates the assemhly either of wax niouhh. Tl.e stand is made 

motlel, when replicas arc later cast fro eg 
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in the following way. A little tray is constructed of cardboard and Scllotape, 
and the inside vasclincd. Plaster of thick consistency is poured into the tray, 
and the model is gently pressed into the plaster, so that an impression is 
formed of the inferior surface of the temporal horns and the third ventricle. 
Any plaster which flows over the roof of the temporal horns is scraped away 
before it sets. NS'^Iicn ilic first piece of plaster is hard, the cardboard is removed 
from around it, and the part of the stand which supports the fourtli ventricle 
IS constructed m a similar way. If necessary, a base can be added to increase 
the stability of the stand. When the stand has been completed, the three parts 
of the W. 1 V model are scparatc<l, so that plaster negative moulds can be 
m.idc of each. 

Kaffir D plaster is recommended for making the moulds, as it is harder 
than Dentruset anil consequently a Larger number of models can be cast from 
moulds made with Kaffir D than from those made with Dentruset, before the 
moulds become unscrs'iccablc. Full details concerning the method by which 
plaster negative moulds arc made arc given in Chapter 20. Figure 63 shows 
wax moilcls of ilic tlircc pieces of the ventricles, and Figure 64 shows l)ic 
plaster negative moulds. Tlic Litter figure indicates the most satisfactory way 
of constructing the moulds in three pieces without obtaining undercuts. 
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Fig. 64 

Ph..er ncgamc moulds of .he "o'/'ihe 

seniricics shown in Fig. fe A Flows inc 1 1 ^ 

S rijh. I-... 

Resin casts arc made from the negative moul.is by ''■= 
described in Chapter 20, It i^dvisaW': by 

L::::rr::^t;c.^di:^cement,ng.b™tog.^^ 

Figure 65 shows a completed resin m«lel of the eercbral sentrteles. 
modelled from the cast illustrated in Figure p- 

4 . A HOLLOW MODEL OF THE CEREBRAL VENTRICLES 

This is made by unme^ing Y;" ™^tlrfpoT,mwriLA^ h 

rectangular container of anil can he run mu. 

removed by heating the resin , ‘rimmed and polished. Tl.e hollow 

The rectangular block of resin is ,cpresem the residiul eerelirm 

model is partially filled with ;“„"^,.,„sams are taken, 

spinal fluid present in the ventneles when sentneu ^ 
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Fic. 65 


Oxnjilctal fcsin cast rcpf(Kluc«l from a wa\ mode! of the cerebral \entrides 
llic thicknest of the aqueduct i$ slightly exaggerated to reduce the risk of 
tt hfcaking « The model xvas copied from tlw cast illustrated in Fig. 58. 

(P. I»5) 

Tlicrc arc two advantages of consirucling a hollow model of ihc ventricles 
\Mtltm a rectangular block of resin. Unlike hollow models which have been 
made of glass, this model is very strong; and the rectangular block serves to 
orientate the ventricles. 

A wax tc|iroduclion of the original wax mmlcl of the cerebral ventricles 
IS made by means of the plaster negative moulds used for making the resin 
cast dlustratcil in Figure 65. 

The plaster moulds arc prepared by giving them two coats of a 
2(! \XT cent solution of shellac dissohed in spirit. When the shellac is quite 
hanl. it is cnscrcil with a iliin film of glycerine, which acts as a separating 
mcilium. Two or three tlrops of 20 per cent Manoxol O.T. arc adtlctl to 
25 ml. gUccrinc. l>cforc llic latter is applied. 

A length of aluminium wire (see Apj>cndix) is placed in the ncgaiisc 
mould of tlic thinl ami fourth ventricles, to reinforce tlic wax cast of the 
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aqueduct. Aluminium wire is used in preference to other types because it 
can be readily dissolved by hydrochloric acid, which does not attack the resin. 

The moulds are used at room temperature. No. 4 toughened wax, which 
melts at 59°C, is heated to the minimum temperature above its melting point 
which ensures that each mould is completely filled before the wax solidifies. 
Excessive heating of the wax may cause damage to the moulds. If the room 
temperature is 20 "C the wax is heated to 80“C. 

It is not necessary to take any precautions to prevent wax escaping from 
between the pieces of each mould, as it cools and sets before it reaches the 
outside. But in the case of the mould of the third and fourth ventricles, it is 
advisable to warm the aluminium wire slightly in the bunsen flame, 
immediately before filling the mould with vvax, to avoid the risk of the wax 
setting in the aqueduct before the mould is completely filled. 

A few minutes after the moulds have been filled, they are taken to pieces 
and the wax easts removed. This should be done while the wax is sail 
sufficiently warm to be quite flexible, to facilita« the separation of the wax 
casts from the columns of wax in the filling and air escape o es o t e * 

The wax remaining in the latter is dislodged by means of a wire ramrod when 
quite cold. Provided that the inside of each hole is coated with glycer me 
before the mould is used, the wax is easily removed. It does not matter if 
wax easts are bent while being removed, as they are straightened 

When molten wax sets it shrinks considerably As most of the sh nkag 
is locaUsed in the part of the mould in which the wax “ 

sufficiently noticeable to necessitate reinforcement of some P“ ' ° 
with additional wax. The wax casts are waffied to ^ 

their surfaces and then softened by immersion m water at 45 C. When qu 

fl -LI L 1 fKr. moulds The wax casts arc carefully inspectea 

flexible they are replaced m ™“7at a time in order to observe where the 
by removing one piece of each these areas and, 

most extensive shrinkage has taken pla . replaced in the 

after softening the casts by ™T™77e«h7 this way the wax added is 
moulds and the pieces pressed ‘'■i^’^Sufolus wax is forced Lay from the cast 
pressed into the form of the mould. ^ P . , 

into the slight gap between the wax casts are left in the 

After this treatment has been p > surfaces smoothed 

moulds until quite cold. Then ^ at 'the lines of junction of the 

by scraping away surplus jished «-ith a wad of cotton wool 

pieces of the moulds. Finally the c P° 

soaked in benzene. 
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The three pieces of the wax model arc placed on the plaster stand 
illustrated in Figure 62, so that they are held in approximately their correct 
position. Minor adjustments of position can be made with the aid of small 
lumps of Plasticine. For this technique the distance between the lateral 
ventricles must be slightly exaggerated, to ensure that a strong resin septum is 
produced. 

The casts of the interventricular foramina are welded to the cast of the 
third ventricle. This must be done very carefully, to ensure that no air is 
trapped within the joints. The thickness of the casts of the foramina should 
be somewhat exaggerated, not only to increase the strength of the wax model, 
but to facilitate the flow of the coloured fluid later placed in the hollow model. 

Next an H*piece, made by soldering three pieces of wire together, is 
welded in a vertical position into the roofs of the two lateral ventricles. A 
i small knob of solder is applied to the end of each wire before it is welded 
to the wax model, to make it impossible for the wires to slide out. Then the 
lower arms of the H-piecc arc coated with wax. The wax coat must be 
sufficient to ensure that the knobs of solder do not later prevent the withdrawal 
of the H-picce from the solid block of resin in which the wax model is 
embedded. The application of an even coat of wax to the arms of the H-piecc 
is facilitated if the plaster stand on which the model rests is tilted so that 
the arms of the H-piece arc horizontal. Melted wax is transferred to the 
H-piecc on the blade of the scalpel and then smoothed, after it has solidified, 
by stroking with a heated scalpel blade. Care is needed to ensure that the 
ends of the H-piecc are perfectly embedded in the wax cast. It is advisable 
finally to melt the wax round each end of the H-piece with the heated end of 
a needle held on a suitable handle (sec p. 42) to allow any air to escape and 
be replaced by wax. The same precaution should be taken with the joints 
between the casts of the interventricular foramina and the third ventricle. 

Figure 66 shows, n.ilural size, the completed wax model of the cerebral 
ventricles with the H-picce attached. The H-picce serves the double purpose 
of providing a convenient means of suspending the wax mode! in the resin, 
and also of strengthening the model. The model used for this technique must 
be sufficiently small to fit into a container of cross section 4 x Inches, ivith 
a margin of approximately 'A inc** round to allow for trimming of the 
resin block. If it is attempted to cast a block of much greater cross section 
than this, it is very difficult to prevent the resin from overheating during 

polymerisation. 

Before the wax model is immersed in the resm mixture, it must be 
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protected by covering it with a film of some substance insoluble in the resin. 
A suitable type of polyvinyl alcohol such as Mowiol 50-88 is suitable for 
this work. 



Fic 66 

Wa. model of .he cerebral 

been fired (natural .ire) suspend .be 

been cojted \mi1i 1 nc r pi cii • .,, 1 , ,<.s,n 

model in a rectangular connincr filled «kM resin 
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1500 ml. of the Mowiol solution described on page 170, are prepared 
for coaling the wax model of the ventricles. This solution keeps indefinitely 
and so can be used many times. 

The model is dipped in a beaker of the Mowiol solution and, after the 
surplus has been allowed to drain off, is dried in a draught of cold air from 
a hair drier. While drying, the model is lotated to ensure an even film. If it 
appears that the Mowiol is pulling away in places from the wax, it is spread 
with a sable water-colour brush. Surplus Mowiol which collects in some areas 
is removed with the brush as long as it remains fluid. 

The first coat of Mowiol is left for forty-eight hours to harden and then 
two more coats are applied in the same way. As the Mowiol is rendered partly 
insoluble by the resin, it is desirable to apply a relatively thin film, as the 
insoluble remains of this can be completely dislodged from the hollow model. 
It may be impossible to remove all traces of a relatively thick film. However, 
as the wax is rendered quite insoluble by the resin, it is essential to the 
success of this technique that the film is perfect. It is therefore better 
to produce a model slightly disfigured by the insoluble remains of the 
Mowiol, than to risk total failure due to an imperfect film. The wax model 
should be left for ai least a week after the third coat of Mowiol has been 
applied, so that the protective film is completely hardened before the model 
is immersed in resin. 

A suitable rectangular container to hold the resin is made by soldering 
pieces of 20 gauge tinned plate together. The design and method of construc- 
tion of the container arc described on page 129, and illustrated in Figure 31 A. 
The maximum size of container used for this work should not c.xcced 4 x 4ya 
inches in cross section. The container should be about 6 inches deep. The 
inside is painted with a 20 per cent solution of shellac dissolved in spirit, which 
acts as a separating medium. 

The model is suspended in the resin, by passing the two upper arms of 
the H-picce ihrougli holes drilled in a strip of Perspex, wliicli rests across the 
sides of the container. A lump of Plasticine is placed on the upper surface 
of the Perspex strip, and pressed around the arms of the H-picce to l)old the 
latter in the desired position. The motlcl is orientated by suspending it in a 
transparent Perspex box exactly the s.imc size as tJjc mct.il container. This 
allows the model to be viewed from the sides. If ncccssar)- the .irms of the 
H-picce arc adjusted in the Plasticine. 

When the mo<lcl has been centred in the tin conLiincr, iJjc |X)sition of 
the Perspex strip is fixed by sticking each end of it to the sides of tlic container 
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with pieces of Sellotape. Figure 67 shows the model fixed in position in the 
tin container. 



Fic 67 

Photograph of the tin contamer, with the wait model of the cerebral 
< emnclcs suspended in « 


Using a container of the dimensions given above, 1 7 units of the following 
resin mixture are required : 

Marco resin 26 C 100 g- 

Monomer C 20 g. 

Catalyst H C H 0.3 g. 

Accelerator E 0.2 ml. 


A number of one-foot lengths of glass lube of in'ttnni tiihmvf't 
from 3-5 mm. are bent so that they are U-shapcrl. and filled with some of tli 
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resin mixture. When the resin in these tubes has gelled and become fully 
hardened, they are immersed in boiling water for five minutes, and then the 
resin rods are removed by cracking the g^ass. Immersion of the tubes in boiling 
water facilitates the detachment of the broken glass from the resin. Short 
lengths of the rods are later used for sealing holes in the rectangular block 
of resin. 

The bulk of the resin mixture is left for forty-eight hours in the beaker 
in which it is prepared, at a room temperature of 20"C, and protected from 
light. It is then poured into the rectangular container, which is subsequently 
kept in a water bath. The temperature of the water is maintained for the 
next twenty-four hours at 20“C. After this period the water is maintained at 
ZO'C during the day, but cooled to Ifi^C or lower at night, until the resin gels. 

The reason for delaying the transfer of the resin to the container until 
forty-eight hours after the accelerator has been added, is to reduce to a minimum 
the period during which the model is immersed in resin before it gels. This 
procedure reduces the effect which the resin has of rendering the protective film 
of polyvinyl alcohol partly insoluble. It also reduces the extent to which the 
resin would soak into the wax, if some tiny defect were present in the 
protective film. 

When the model has been immersed in the resin for twenty-four hours it 
sometimes becomes covered with small bubbles of unknown origin, which 
cling tenaciously to its surface. These are dislodged by raising the model out 
of the resin and allowing the resin clinging to its surface to drain off before it 
is replaced. When the bubbles have been dislodged from the surface of the 
model they rise to the surface of the resin within a few hours. 

If the resin begins to gel while its temperature is 20“C, the container is 
placed in a bath of icc water which is placed in the refrigerator overnight, so 
that the resin is thoroughly cooled. TTicn the temperature of the water bath 
IS maintained at 20*0 by day and I6*C or lower by night for three days, 
to guard against the risk of overheating. During the day the resin is 
occasionally inspected and, if it begins to heat up, it is immediately cooled by 
placing the container in icc water. 

If the temperature of both the resin and the water bath is IC^C or louer 
when gelling commences, it is not necessary to cool iJic resin in the refrigerator, 
provided that the temperature of the water bath c.an be maintained at IC’C 
or lower for the next twenty-four hours. 

Altliougli it is not advisable to undertake this technique when the room 
temperature is likely to exceed 20X during any part of the tlay, owing m 
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the difficulty of preventing the heat-producing phase of polymerisation from 
getting out of control, it is possible to do it successfully piovided the operator 
has sufficient experience to recognise the signs (lightening ot colour and 
increased viscosity) which indicate that gelling is imminent But it 
essential that the temperature of the resin is not higher than 20 "C at thi:. 
onset of the heat-producing phase of gelling, and that the resin is effectively 
cooled immediately it starts to generate heat. 

In order to observe clearly the colour change which immediately precedes 
gelling, -a sample of resin is poured into a test tube when the container is filled. 
The test tube is kept at all times in the water bath which is used to cool the 
container, and is also protected from daylight. Thus the resin in the test tube 
polymerises under the same conditions as that in the metal container. The 
yellow colour of the resin in the test tube becomes very much paler at least 
an hour before the heat-producing phase of polymerisation commences; in fact 
a gradual colour change commences several hours earlier. Thus the sample 
in the test tube provides a valuable indication, especially under difficult 
temperature conditions, of the approach of the heat-producing phase of 
polymerisation. A further test tube containing a sample of the same resin 
mixture should be kept in the refrigerator. The low temperature at which 
this sample is stored almost completely arrests polymerisation, so it provides 


a useful colour change indicator. 

-After the resin has gelled, it is left for a further three days at room 
temperature. Then the container is placed in an oven at 45'’C for two weeks 
to accelerate the hardening of the resin, which would otherwise take a very 
long time owing to the small amount of catalyst and accelerator m the mixture. 

Next the tin container is removed from around the block by rotting te 
solder with mercury, by the method described on page 131, and illustrated m 
Figure 31 B. 

The H-piecc is removed by pulling it out while the block is wa^ and 
the wax consequently quite soft. The holes left in the resin by the H-picce 
are drilled out so that they have walls of even diameter, and can later be 
plugged with resin rods. A small hole is drilled in the base of the block 
into the fourth ventricle, to facilitate the removal of the wax, and subsequen 
Washing of the cavities of the hollow ventricles. 

The block is then placed in an oven at 75"C overnight to melt the wax. 
The block must not be heated above this temperature as tins would render 
the polyvinyl alcohol completely insoluble, so that it cou c not c wa 

As much as possible of the wax is shaken out of the rcsm block, and the 
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rest washed out with hot benzene. Considerable patience is required to remove 
all the wax as, in spite of all the precautions taken, it is rendered rather less 
soluble that it originally was. Sometimes the last traces of wax in the temporal 
horns can be removed with hot xylol more quickly than with benzene. 

When all the wax has been removed, the hollow ventricles arc washed 
out thoroughly witli spirit, to remove the last traces of the benzene. Then 
the polyvinyl alcohol is washed out with hot water. 

Tile aluminium wire is dissolved by running a steady stream of 50 per 
cent hydrochloric acid into one of the holes in the top of the block, and 
allowing It to escape via the hole in the bottom. 

If ilie liollow ventricles arc not |>erfcctly clean, they arc vvaslied out 
alternately with spirit, benzene, spirit and water, until no further improve- 
ment in their appearance is observed. It is necessary at this stage to polish 
the walls of the block somewhat, in order to observe the ventricles clearly. 

Any remains of die original protective film which still adhere to the 
walls of the ventricles arc removed in the following way. The block is licated 
to 65 'C and the cavities filled with benzene and mercury. The holes are 
closed wiili rubber bungs and the block is shaken very vigorously. The 
mercury dislodges tlic remains of tlic film. This treatment is repeated several 
times with liot spirit and mercury. 

Next the cavity of tlic ventricles is washed out with distilled water, and 
very tlioroughly dried with the assistance of a hair drier, which can be 
clamped in position so tint Iiot air plays on the holes in the top of the block 
for several liours. 

When tile inside is quite dry, resin rods, which liavc been rubbed witli 
abrasive paper until they fit firmly but not tightly into the two holes in die 
up|)cr surface of die block, arc cemented into the holes with resin cement 
of the following composition : 

Marco resin 28 C 100 g. 

Monomer C 10 g. 

Catalyst H C H 6 g. 

Accelerator E approx. 6 ml. 

One unit of diis cemem is prcjiarcd, but without the addition of tlic accelerator. 
Wlicn cement is required a few ml. of the mixture arc transferred to a 
|K)rcclain {ulctte, and two or three drops of accelerator added and stirred in 
immediately before use. A bulky mass of iliis cement heals up so mucii 
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manipulated by rotating it, and partially withdrawing and reinserting it, to 
dislodge the air. If necessary the rod is withdrawn completely and, after being 
coated witli more cement, inserted again. If the rods fitted loosely instead 
of firmly into the holes, unsatisfactory joints are always produced, as a result 
of shrinkage of the cement during setting. 

The block is left tor forty-eight hours, while the cement hardens, before 
the projecting ends of the two rods arc sawn off. Then the hollow ventricles 
are partly filled with a solution of Light Green dye dissolved in distilled 
water containing 10 per cent formalin. A sufficient number of drops of 
20 per cent Manoxol O.T. arc added to this fluid so tliat it wets the walls 
of the ventricles instead of clinging in droplets. It is important not to add 
ei’cn one drop too much of the Manoxol, as this causes the green fluid to be 
converted to a frothy mass of bubbles when the resin block is manipulated. 
The intensity of the green should be such that the fluid level is clear, but not 
so intense that the film of fluid clinging to the walls of the hollow ventricles 
also looks noticeably green. 

The hole in the base of the block is scaled in the same way as the two 
holes in the top. The walls of the hole arc first dried either with a pipe 
cleaner or small wads of cotton wool held in iris forceps. 

After leaving the block for forty-eight hours for the cement used to fix 
the rod into the base to harden, the block is trimmed, smoothed and polished, 
by the method described in Chapter Id. Figure 68 shows a photograph of 
a hollow model of the cerebral ventricles prepared by this method. 



Chapter 22 

CASTS FROM TEMPORAL BONES 
1. INTRODUCTION 


I N order to obtain a complete cast of the cavities of a temporal bone, the 
tissues must be macerated very thoroughly, and the cavities well washed 
out, to remove the debris produced by maceration. But the method of 
maceration must not be such as to make the bone too porous, as otherwise the 
resin soaks into the bone itself so extensively that it is impossible to isolate 
the cast of the cavities from the resin-impregnated bone without damage. 

In devising a satisfactory technique two problems must be solved. The 
first is to fill the cavities completely. This task is complicated by the fact that 
many of these are slender culs-de-sac normally filled with air in the dry 
macerated bone. The second problem is to prevent the resin in the cavities 
from running out via the numerous apertures on the surface of the bone, before 
the resin gels. 

If the technique is skilfully applied, an almost perfect cast is invariably 
obtained. But, as the cavities originally occupied by blood vessels and the 
cancellous parts of the bone arc unavoidably filled with resin at the same time, 
extensive pruning of the cast is necessary. 

If a cast of the cavities alone is being prepared, a somewhat incomplete 
temporal bone is quite adequate; but when a cast of the cavities made in 
coloured resin is embedded in a transparent cast of the original bone, a bone 
is required with the whole of the squama and at least part of the zygoma, 
as the presence of these two parts greaUy facilitates orientation of the cast by 


students. . 

The method employed in the latter technique is basically simple. The 
cavities of the bone arc filled with coloured resin. After being encased in 
plaster, the bone is dissolved in acid, and the cavity left in the plaster is filled 
with transparent resin. Then the plaster is chipped away from the trans- 
parent cast. Although the actual procedure is more elaborate than this bne 
outline suggests, the only real problem involved is to devise a reliable method 
of ensuring that the cast of the cavities is embedded in the correct posmon 
in the transparent cast of the bone. 
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2. CASTS OF THE CAVITIES 

Temporal bones removed at post mortem arc required for this technique. 
The bone must not have been placed in any kind of fixative. All flesh is 
removed from die bone, and the periosteum carefully stripped off. Special 
care is needed when removing the periosteum from the middle fossa, as 
this part of the bone is often fragile. 

The bone is macerated by placing it in a large volume of water for six 
months. The water tank must be kept in a dark place to prevent algae 
growing on the bone and even inside it. The water should be maintained 
at about SO^C, but provided that the temperature does not fall below 20°C 
satisfactory maceration results, although it may take longer. A tiny thermo- 
statically-controlled immersion heater, such as is used to maintain the temper- 
ature of small domestic aquaria containing tropical fish, is ideal for maintaining 
the temperature of the macerating tank. 

After about three months in water, the bone is removed, and its surface 
scrubbed. Water is squirted into the principal apertures, and the bone 
shaken to remove as much as possible of the water filling the cavities of the 
mastoid air cells. The treatment is repeated several times, and any adipocere 
(an insoluble waxy substance resulting from decomposition of fat) on the 
surface of the bone is scraped away. Then the bene is replaced in clean water 
and left for a further three months. After this period, it is removed, cleaned 
and rinsed, and a 1/16 inch diameter hole is drilled into the lateral wall of 
the mastoid process so that, if the air cells extend into it, air can escape when 
the cavities arc being filled with resin. Then the bone is thoroughly dried. 

The dried bone is impregnated in vacuo with a 5 per cent solution of 
Mowiol 50-88, to which 1 per cent of 20 per cent Manoxol O.T. solution 
and 2 per cent formalin have been added. The Mowiol, which is a form of 
polyvinyl alcohol, protects the bone from subsequent impregnation by the 
resin. The Manoxol is a very powerful wetting agent and facilitates the 
absorption of the Mowiol by the bone (sec p. 170 for details concerning the 
preparation of a solution of Mowiol). 

After removal from the Mowiol solution the bone is shaken vigorously 
to remove as much as possible of the fluid in its cavities. It is then dried 
in a current of warm air from a hair drier, being rotated continuously while 
it is drying to prevent pools of solution accumulating in the cavities. Such 
pools would leave deposits of Mowiol which might obstruct the finer 
cavities. The drying must be continued for an hour, with intermittent 
shaking, to ensure that no liquid remains within the bone. 
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One end of a straight 3 inch length of glass tubing, of internal diameter 
approximately the same as that of the external auditory meatus, is ground 
so that it fits closely against the bone around the meatus in a vertical position, 
when the bone rests on the table with the meatus uppermost. The glass 



Photograph of a temporal bone prepared for filling the 
caMtics with resm. A glass tube is fixed to the externaJ 
auditory meatus, to serve as a reservoir for the resin, 
and the bone is completely encased m Plasticine, to 
prevent leakage of resin from its surface A piece 
of wire has been placed in an escape hole drilled into 
the mastoid air cells, to prevent the hole becoming 
choked with Plasticine x Yi 

tube is cemented to the meatus with Dentruset plaster. It forms a reserve r 
from which the coloured resin, used to fill the cavities of the one, is run m. 

A piece of Scllctapc is stuck over the opening of the internal audi ory 
meatus, and a piece of wire is inserted into the escape hole in the masto d 
process. Then the carotid canal is packed with PlasBctnc, and the whole 
bone encased in Plasticine, to prevent the escape of resm when the cavities 
are being filled. Care is needed when the Plasticine is applied to the bone 
to avoid forcing it into the Eustachian tube, and the opening of the facial 
nerve canal. Figure 69 shows a temporal bone prepared in this way. 
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A resin mixture of moderately low viscosity with a working life of about 
1/2 hours is required for filling the cavities. The pigment used to colour 
the resin must have 3 high resistence to hydrochloric acid, as the bone is 
not completely dissolved until it has been in concentrated acid for about three 
weeks. Red lake pigment powder M.l 1 is recommended. It must be mixed 
with the resin with exceptional care, and the resin mixture must be allowed 
to stand for at least two hours before being decanted from the beaker in 
which it was prepared, to ensure that any large particles of pigment 
powder are removed from the mixture before the accelerator is added. Even 
comparatively small lumps of pigment powder might obstruct some of the 
tiny channels within the bone which arc to be filled with resin. 

If the working temperature is 20*0, the following mixture is recom- 
mended : 


Marco resin 26 C 

100 g. 

Monomer C 

20 g. 

Catalyst H C H 

2 g- 

Red lake pigment 


powder M. 11 

' g- 

Accelerator E 

1 ml. 


A httic of the resin mixture is placed in the refrigerator for future use 
before the accelerator is added. After the accelerator has been incorporated 
the mixture is allowed to stand for ten minutes while air bubbles come to 
the surface. Then some of it is poured into the glass tube (sec Fig. 69), and 
the bone is rocked as much as possible without spilling the resin. This allows 
a good deal of the air trapped within the cavities to escape and be replaced 
by resin. Then the wire is removed from the escape hole in the mastoid 
process and the bone again rocked. When resin free from air bubbles 
escapes from this hole, it is closed by pinching the Plasticine together. 

The bone is next placed in a vacuum chamber with the reservoir half 
full of resin, and subjected to a water vacuum for fifteen minutes. During 
this period the vacuum is reduced slightly whenever the resin bubbles so 
vigorously that it begins to overflow from the top of the glass tube. Then 
pressure is restored to normal and, if necessary, more resin is added to the 
reservoir. 

The vacuum treatment is repealed twice and then the glass tube is 
completely filled with resin. A finger, protected by a rubber finger stall, is 



CASTS FROM TEMPORAL BONES 


203 


placed over the open end of the tube, and the bone is slowly rotated in all 
planes, until the resin gels. It should also be swung vigorously from time 
to time. This procedure ensures that if any air still remains in the cavities 
of the bone, most of it is enclosed within the resin cast, instead of causing an 


incomplete cast to be formed. 

Twenty-four hours after the resin has gelled, the Plasticine is remove^ 
from the bone, the last traces being wiped away by immersing the bone in 
benzene and brushing it with a fairly stiff brush. Any resin which has filled 
spaces between the surface of the bone and the Plasticine is removed with a 
scalpel. This is facilitated by dipping the bone into boiling water for a 
few seconds to soften the resin. The plaster by which the glass tube is attached 
to the external auditory meatus is chipped away with bone forceps, and the 
tube removed from the stalk of resin which it encloses. If any openings of 
the bone are incompletely filled, the cast is completed by topping up with 
the resin placed in the refrigerator for this purpose. 

The resin stalk projecting from the external auditory meatus is cut 
through with a burr attached to the flexible drive of a dental lathe, flush with 
the opening of the meatus. A hole is drilled into the resin within the meatus, 
into which the mounting rod can later be fixed. 

The bone is left for three days for the resin to harden, and then it is 
washed in running water at about 45“C for a week, to remove as much as 
possible of the polyvinyl alcohol with which it was impregnated, as the 
removal of the latter facilitates maceration of the bone in acid. When the 
bone has dried, it is immersed in concentrated hydrochloric acid, which 


destroys it completely in about three weeks. 

After removal from the acid, the cast is held under water while a pnrie 
stream of cold water is directed on it, to free the cast from acid and debri^s. 
Extensive pruning is necessary to remove resin which has formed a cast of the 
network of blood vessels within the bone. Most of the piping cp be done 
by teasing away the surplus resin with a mounted needle (see p. )• pr 
is needed to preserve the cast of the canal of the chorda tympant, the aqueduct 
of the cochlea, and the sacculus endolymphaticus. The latter is ‘ 

the rest of the cast by such a tiny stalk that it frequent y ° ' c , 

however be preserved, and cemented in position later with a drop of nans 
parent resin cement. It is sometimes necessary to use bone 
resin which has filled some of the air spaces of the 

If during this work it is found that any part of the bone ,s not completely 
destroyed, the cast must be returned to the acid bat 
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Some of the mastoid air cells arc usually only partly filled with resin. 
They can be topped up with a little resin cement of the same colour as the 
rest of the case. Any whitisli patches on the cast which do not temporarily 
disappear when the surface is welled with benzene arc removed by scraping. 
The patches are usually caused by adipoccrc. If any casts of air cells become 
detached, they arc cemented in their original position with resin cement. 



Fi«. 70 

Medial view of a cast of the caviticj of a right ictnporal bone, 
embedded m a rectangular block of transparent resm. x 

A brass wire for mounting is cemented with resin cement into the hole 
previously drilled in the cast of the external auditory meatus. The cast can 
be mounted either by enclosing it in a rectangular Perspex box, or by 
embedding it in a block of transparent resin. The former method allows a 
much clearer view of the cast but, if the Perspex box is dropped, the cast 
may be damaged. If the cast is embedded, it is almost indestructable, but 
the refractive index of the transparent resin causes considerable foreshortening 
of the view of the cast. Figure 70 shows a cast embedded in a rectangular 
block of transparent resin, and Figure 71 shows a cast which is mounted 
in a Perspex box. 
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I£ the cast is to be mounted in a Perspex container, it is coated with the 


following resin mixture : 

Marco resin 28 C 100 g. 

Monomer C 20 g. 

Catalyst H C H 6 g. 

Accelerator E 6 ml. 



Fic. 71 

Medial and somewhat superior view of a cast of the cavities 
of a right temporal bone, mounted m a rectangular Perspex 
box. The air cells arc more extensive m this specimen than 
normally. (Natural size) 

The cast is dipped in this mixture, and the surplus allowed to dram off. 
Then the cast is rotated on its wire rod until the resin gels, to ensure that an 
even film is applied. The film of resin not only improves the general 
appearance of the cast, but strengthens it, by sticking the casts o t e air cc , 
mme of which are attached only by slender stalks, firmly to the rest of the 

cast. The resin mixture sets with a tack-free surface. .. d 

The end of the mounting wire is fixed to one of the sides of *= 
container by drilling a inch hole through the latter. cn a s lor g 
of A inch diameter®Pe.7pcx rod is cemented into the hole J--] No 6 
cement. The brass mounting wire is cemented ss«h Temol No. 6 cement 
into a hole drilled in the centre of the Perspex rod. The full details g 
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methods of constructing rectangular Perspex containers are given in Chapter 8, 
and the method of sticking on the tops of such containers, which requires 
certain precautions, is described in Chapter 9. 

If the cast is to be embedded in a solid block of transparent resin, it is 
coated with a Marco resin 26 C mixture, instead of 28 C, so that the surface 
of the coated cast is permanently tacky. This prevents the transparent resin 
pulling away from the cast. Full details concerning the embedding of 
specimens in rectangular blocks arc given in Chapter 17. 

3. A COLOURED CAST OF THE CAVITIES EMBEDDED IN A 
TRANSPARENT CAST OF THE ORIGINAL BONE 

The first half of this technique is exactly the same as the preceding one, 
but after the cavities of the bone have been filled with coloured resin, the 
resin stalk projecting from the external auditory meatus is not cut off. 

The bone is encased in three pieces of Deniruset plaster, the largest 
surrounding the resin stalk, while the other two fit into this piece by means 
of registration slots. When deciding the exact extent of each of the three 
pieces, it must be borne m mind that subsequently it will be necessary, after 
most of the bone has been destroyed by acid, to remove the two pieces of 
plaster adjacent to the ridge of the petrous bone, and then to remove the cast 
of the cavities from the remaining piece of plaster, by sliding the resin stalk 
through the plaster in which it is embedded. If an unhappy choice is made 
of the boundaries of the three pieces of plaster, it may not be possible to remove 
the cast of the cavities without breaking some part of the plaster. However, if 
a small piece of plaster is broken off, it should be preserved, as it can be 
stuck into position again at a later stage with Seccoiinc. 

It is necessary to make the plaster cast of the carotid canal separately, as 
the cast of the cavities cannot be removed from the base of the plaster mould 
without removing the cast of the carotid canal at the same time. The canal 
is filled with Dentruset plaster and, when this has set, the exposed surface of 
the plaster is trimmed and coaled with vaseline, which acts as a separating 
medium. 

Next the bone is placed on a sheet of glass with the resin stalk projecting 
upwards. A receptacle into which plaster can be poured to cover the exposed 
surface of the bone is made in the following way. A rim of Plasticine about 
three-quarters of an inch wide is built up all round the margin of the bone. 
Then a vertical Plasticine wall is built round the outside of the rim, extending 
an inch above the highest part of the bone. The resin stalk is coated with 
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vaseline, and the surface of the bone and the Plasticine arc p with water 
to which a sufficient number of drops of 20 per cent A O T. have 

been added so that the water forms an even film. 

Dentruset plaster, prepared by mixing 100 parts by ^ cf plaster 



Fig. 72 

Photograph o£ a bone, aftn tho S'” *’S'. 

plastJ has hten complacd, N?K <S' “Tf 

through the baso of the plaster, whjch is resting on a beaKcr. ,j 

with 45 parts water, is poured into the receptacle formed by the bone and 
Plasticine, until the uppermost part of the bone is covered to a 
an inch. The glass base is gently shaken until the plaster sets, o fc 
nir in the plaster It is important that all the plaster is t.p,xd quickly mlo the 
water, instead of adding itlwly while stirring, as is sometimes -““y "J f; 
For the success of this technique it is essential to produce a Dcn.rn p as r 
of maximum hardness, which will stand up reasonably well to the 
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methods o£ constructing rectangular Perspex containers arc given in Chapter 8, 
and the method of sticking on the tops of such containers, which requires 
certain precautions, is described in Chapter 9. 

If the cast is to be embedded in a solid block of transparent resin, it is 
coated with a Marco resin 26 C mixture, instead of 28 C, so that the surface 
of the coated cast is permanently tacky. This prevents the transparent resin 
pulling away from the cast. Full details concerning the embedding of 
specimens in rectangular blocks are given in Chapter 17. 

3. A COLOURED CAST OF THE CAVITOS EMBEDDED IN A 
TRANSPARENT CAST OF THE ORIGINAL BONE 

The first half of this technique is exactly the same as the preceding one, 
but after the cavities of the bone have been filled with coloured resin, the 
resm stalk projecting from the external auditory meatus is not cut off. 

The bone is encased in three pieces of Dentruset plaster, the largest 
surrounding the resin stalk, while the other two fit into this piece by means 
of registration slots. When deciding the exact extent of each of the three 
pieces, it must be borne in mind that subsequently it will be necessary, after 
most of the bone has been destroyed by acid, to remove the two pieces of 
plaster adjacent to the ridge of the petrous bone, and then to remove the cast 
of the cavities from the remaining piece of plaster, by sliding the resin stalk 
through the plaster in which it is embedded. If an unhappy choice is made 
of the boundaries of the three pieces of plaster, it may not be possible to remove 
the cast of the cavities without breaking some part of tiie plaster. However, if 
a small piece of plaster is broken off, it should be preserved, as it can be 
stuck into position again at a later stage with Scccotinc. 

Jr )s jjecesssry to make the p)3Ster east oi the carotid caa&} sepssrately, as 
the cast of the cavities cannot be removed from the base of the plaster mould 
without removing the cast of the carotid canal at the same time. The canal 
is filled with Dentruset plaster and, when this has set, the exposed surface of 
the plaster is trimmed and coated with vaseline, which acts as a separating 
medium. 

Next the bone is placed on a sheet of glass with the resin stalk projecting 
upwards. A receptacle into which plaster can be poured to cover the exposed 
surface of the bone is made in the following way. A rim of Plasticine about 
three-quarters of an inch wide is built up all round the margin of the bone. 
Then a vertical Plasticine wall is built round the outside of the rim, extending 
an inch above the highest part of the bone. The resin stalk is coated with 
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vaseline, and the surface of the bone and the Plasticine are painted with water 
to which a sufficient number of drops of 20 per cent Manoxol O.T. have 
been added so that the water forms an even film. 

Dentruset plaster, prepared by mixing 100 parts by weight of plaster 



Fig 


through lhcb.«: of lhcpl.s.tr.«h«± .steams"" i 

With 45 parts water, is poured into the receptacle formed by the bone and the 
Plasticine, until the uppermost part of the bone is cosered to a depth of half 
an inch. The glass base is gently shaken unul the plaster sets, to dislodge 
air in the plaster. It is important that all the plaster is tipped quickly into the 
water, instead of adding it slowly while stirring, as is sometimes recommended. 
For the success of this technique it is essential to produce a Dentruset plaster 
of maximum hardness, which will stand up reasonably well to the severe 


PJiolograph o£ the plaster mould «ilh one of the upper pieces 
remoted, showing the cast of the cavuies m position Note the hlling 
hole, and tvso escape holes, x 
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treatment to which it is subsequently subjected, without crumbling. Maximum 
hardness is achieved only if plaster in perfect condition is used and mixed 
as recommended above. 

After the plaster has set, the Plasticine is removed, the surface of tlic iim 
of plaster which now surrounds the bone is trimmed, and jcgistcr slots arL. 
cut in it. The plaster is left until completely dry, and then the surfai.e of 
the plaster rim is coated with vaseline. Figure 72 shows the bone after this 
stage of embedding it in plaster has been completed. 

By following a similar procedure the bone is completely encased in two 
more pieces of plaster, the dividing line between them running along the ridge 
of the petrous bone. If, after the first piece of plaster has dried, the squama 
of the temporal bone curls up a little, the plaster and bone are soaked in 
water overnight before the second piece is constructed, as this treatment 
results in the bone lying flat again, and does not harm the plaster, ^ 
that the latter was completely dry before being soaked. If soaked before 
fully dried, the hardness of the plaster is affected. Figure 73, taken after 
the bone has been dissolved in acid, gives an idea of the shape of the three 


pieces, . - 

When the plaster is completely dry, it is immersed in hydrochloric acid, 
in order to dissolve the bone. Concentrated hydrochloric acid rots plaster 
very severely, and so it must be diluted by mixing equal parts of concentraWd 
acid and water. The plaster is immersed in the acid for three wee 'S. o 
warping of the plaster takes place, but fortunately this docs not materia y 
affect the accuracy of the cast of the bone which is subsequently 
though rather conspicuous gaps usually appear etween t c 
pieces of plaster. . , - f,,|i 

The mould is removed from the acid and left oi^rmght m a smk full 
of cold water, so that some of the acid can soak out o t e p as 
not be washed in running water, as this corrodes t c p • ■ 

pieces of plaster covering the petrous bone arc remove . , 

the cavities, to which some incompletely macerated one s i ’through 

-moved from the remaining piece of plaster by pus mg .1=^^ 

it. It is usually necessary to rotate the stalk slight y “ h p^ttiaily 

The plaster cast of the carotid canal is / 

destroyed bone, and the latter is placed in cleaned by 

until all the bone is dissolved. The three piec ^ ^ brush, 

holding them under water and brushing them ^ rcmoic the hulk 

They are placed overnight in a large volume of water 


(> 
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of the acid from them, and then they are dried in an oven at 45 C. They 
are left in the oven until they no longer smell of hydrochloric acid. 

A ^ inch diameter filling hole is drilled through the piece of plaster 
which originally covered the posterior fossa (see Fig. 73). The hole is drilled 
from the inside surface, as a piece of plaster is usually broken off as the drill 
emerges. The outside of the filling hole is enlarged until it is cone-shaped. 
Two small escape holes are also drilled through the plaster to allow air to 
escape when the mould is filled with resin. If the original bone had a very 
thin squama, the plaster is scraped away from the corresponding part of 
the inside of the mould, so that a somewhat thicker cast of the squama is 
produced. This makes the cast less fragile. 

Then all surfaces of the mould (including the plaster cast of the carotid 
canal), with which the resin will come in contact, are given several coats of 
20 per cent shellac solution dissolved in spirit, applied at intervals of twenty- 
four hours until a glossy surface is produced. The shellacked surface is coated 
with the 15 per cent aqueous solution of Mowiol 50-88 described on page 170. 
The shellac closes the pores of the plaster, and facilitates the application of the 
Mowiol, which acts as a separating medium, and facilitates the removal 
of the plaster from the resin cast. The Mowiol must be really dry before the 
mould is assembled. 

The resin cast of the cavities is pruned and cleaned in the same way as 
when an isolated cast of the cavities is being prepared. Then it is coated with 
the following resin mixture : 


Marco resin 26 C 100 g. 

Monomer C 25 g. 

Catalyst H C H 4 g. 

Accelerator E 2 ml 


This mixture sets with a tacky surface which ensures that the transparent 
resin in which the cast is to be embedded does not pull away from its surface 
when It liardens. The cast must be protected from dust after being coated with 
this mixture. 

The stalk of the cast is coated with Seccotine cement, made by mixing 
equal quantities of Seccotine and Dentruset plaster (Plaster is added to the 
Seccotine to make a cement with good space-filling properties). Then the 
stalk is slid into tlic base of the plaster mould. After the plaster cast of the 
carotid canal has been cemented into position with Seccotine cement, the two 
pieces of plaster forming the roof of the mould arc placed very carefully, one 
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at a time, in position, and the interior o£ the cavity so formed is inspected, 
in order to check whether the resin cast and the cast of the carotid canal are 
in exactly the positions they originally occupied. Any adjustments which 
are necessary are made before the cement has hardened. Figure 73 shows die 
plaster mould at this stage, with one of the upper pieces removed. 

The base of the mould is left overnight while the cement liardens, jnd 
then the two pieces of plaster forming the roof are cemented in position with 
Seccodne cement. The cement holding the first piece to the plaster base u 
allowed to harden before the second piece is stuck on. A thick layer of 
Seccotine cement may be required to fill completely the gaps between the 
pieces of plaster caused by warping. 

After the mould has been assembled it is left for twenty-four hours for 
the cement to harden, before it is filled with resin. 

A resin mixture with a working life of about 1 ‘a hours is suitable for 
filling the cavity of the mould. This gives ample time for manipulations 
which are necessary to dislodge air trapped inside the mould when it is 
first filled. 

At a working temperature of 20'C the following mixture is suitable ; 

Marco resin 26 C 100 g. 

Monomer C -30 g. 

Catalyst H C H 2 g- 

Accelerator E 1 "tl* 


After the accelerator has been incorporated, the mixture is alloncd to stand 
for fifteen minutes w’hilc air bubbles come to the surface. Tiicn l ic mou is 
filled with resin by the method described on page 172, and dlustrated in 
Figure 52. When the mould is completely filled with resm, fingers, protcc ed 
by rubber finger-stalls, are placed over die filling and escape holes, and he 
mould is rotated in all planes to dislodge air trapped under the cast of II e 
cavities. After topping up with resin to replace any air w iic i is rcnio , 

the mould is allowed to stand on the table until the resin gels ' > 
inspected from time to time, as sometimes more air escapes so la 
needs to be lopped up with resin again. 

The mould is left for four days for the resin lo J?" “ » 

placed in hot running water for forly-<is'« '""7 ,lf^ i loll 

Lent, and soften the film of .Mowiol, with which .he ins.d 

is coaled. The plas.er is chipH LL 

The plaster within the carotid canal is - 
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needle mounted on a handle. Some care is needed to avoid any damage to 
ihc resin cast while the plaster is being chipped away. _ 

The surfaces of the cast of the petrous bone, including the mastoid 
process, are slightly smoothed with the aid of a dental drill, to reduce the 
distortion of tlie view of the coloured cast of the cavities, due to the curvature 
of these surfaces. Then the whole surface of the cast is scoured with pumice 
powder, to facilitate the adherence of a coat of resin which is applied to make 
the cast completely transparent. 

At this stage the cast is opaque when dry, but fairly transparent when 
its surface is wet. After being thoroughly washed and dried, the cast is 
made permanently transparent by coating it with the following resin mixture: 


Marco resin 28 C 100 g. 

iVtonomer C 10 g. 

Catalyst H C H 6 g. 

Accelerator E 6 ml. 


The whole surface of the cast is painted with the resin mixture, which is applied 
'ha soft brush. As the working life is about eleven minutes at 20*C, the 
mixture must be applied immediately the accelerator has been incorporated, 
to allow the maximum rime for it to wet tlic surface of the cast before it 
gels. It is necessary to brush the surface with the mixture several times to 
ensure that an even and complete film of resin is spread over the cast. Then, 
the cast is placed for tlirce hours in a receptacle through which a draught of 
carbon dioxide is Rowing (see p. 12*1). During this period the cast is supported 
by pressing the stalk into a lump of Plasticine. After three hours a clear 
glossy surface is produced, iliough maximum hardness is not developed for 
several days. Finally the resin stalk is cut off Hush with the external auditory 
meatus. This is most easily done with a dental drill. 

Tlic cast can cither be mounted on a wire cemented into the coloured 
resin in the external auditory meatus, or fixed in a rectangular Perspc.x con- 
tainer, whicli is filled with 50 per cent aqueous solution of glycerine, to which 
5 per cent formalin is added to render it sterile. The latter method permits 
a much belter view of tlic coloured cast of the cavities, by reducing the 
rcrtcction and refraction caused by the curved surface of the transparent resin, 
it IS desirable that some of the casts prcjwrcd by this method be mounted dry, 
and some in glycerine. When a cast is mounted in glycerine, one end of a piece 
of inch diameter Perspex rod is fi,xcd with resin cement into a hole drilled 
into the coloured resin in (he external auditory meatus. The other end of 
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the rod is cemented with Tensol No. 6 cement into a ^ inch diameter hole 
drilled in one of the sides of the Perspex container. 

The method of constructing Perspex containers is described m Chapter 8, 
and the metliod of fixing on the lid in Chapter 9. When the lid has been 
stuck on, the container is placed, almost completely full of the mountro^ 
fluid, in a vacuum chamber, and subjected to a water vacuum tor at least .m 
hour, to deaerate die fluid, and so ensure that no bubbles subsequently appear 
m It. Then the container is topped up until completely full and sealed by the 
method described on page 60. Figure 74 shows a medial view of a cast 
mounted in glycerine. 






Chapter 2} 

CASTS FROM OTHER ORGANS 
1. INTRODUCTION 

P ROVIDED that the worker is familiar with the properties of the resin 
anti acccssorieSj and with the general principles governing the use of 
the resin for anatomical casting, described in Chapters 16 and 17, and 
provided he has had adequate practical experience of this type of work, he 
should be able to prepare satisfactory corrosion casts from any part of the 
body, except tliosc whicli require very specialised treatment, and which have 
been dealt willt in previous chapters. But for tlic benefit of those who have 
little previous practical experience, and who wish to prepare casts from the 
liver, kidney or spleen, the details of the methods used for the preparation of 
casts from tliesc organs are given in this chapter. 

2. THE LIVER 

An unfixed liver, removed at jx)si mortem with as much as possible 
of the bile duct, ilic licpatic artery and the portal vein, is required for this 
icciiniquc. If the hepatic veins arc also to be filled, the liver must be removed 
with at least half an incli of the vena cava projecting on cither side. 

Suitable Porlcx cannulac arc lied into all the vessels and the bile duct. 
In llic case of the vena cava, a cannula is tied to both the cut ends. Lengths 
of rubber tubing arc fixed to each of the cannulac and adjustable screw clamps 
attached, so that ilic openings can be closed when required. If tlic vena cava 
has been cut rather close to the liver, it is necessary to fit cannulac made of 
flanged glass lube, instead of Porlcx tube, to ensure that tlie cannulac do not 
slip out. 

The liver is immersed in cold water, anil manipulated to remove any 
air which lias entered tlic vessels. Then all ducts and vessels which arc 
later to be filled wiili resin arc washed out with deaerated water. An enema 
syringe is used to inject vv.itcr inlo the bile duct and the hepatic artery, as 
considerable injection pressure must be applied, but water can be run into the 
2H 
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veins by gravity flow. The gall bladder is flushed out several times, by Ailing 
It with water and then, after the injection apparatus has been disconnected 
from the bile duct, compressing the bladder to expel the water. 

The success of the resin injection depends largely on the thoroughness 
with which the ducts and vessels are washed out, but it is equally important 
that no air is introduced. The liver is Axed by injecting 5 per cent formalin 
into the hepatic artery, and placing it in a tank of 5 per cent formalin for 
forty-eight hours. It is not advisable to leave it in formalin for much longer 
than this, as it may become excessively hard. 

Before the resin is injected, the ducts and vessels arc again washed out 
with deaerated water. The Standard injection apparatus (see Fig. 29, p. 115) 
is used to All all four systems with resin. As the bile ducts are very slender, 
it is advisable to All them with a brightly coloured resin mixture, to make 
them as conspicuous as possible. Rather less viscous mixtures are required to 
AH the bile ducts and hepatic arteries, than that used to All the portal and 
hepatic veins. 

The following resin mixtures arc recommended : 

Bile duct. — 3 units of the following mixture : 


Marco resin 26 C 100 g. 

Monomer C 25 g. 

Crystic yellow powdered 
pigment M. 17 1 

or 

Crystic yellow pigment 

paste B. 258 2 g. 

Catalyst H C H 4 g. 

Accelerator E 4 ttil. 


Hepatic artery.— Three uniu of the same rnkture as tliat used to fill the 
bile duct, but coloured with either red lake powdered pigment M. 1 1, or red 
pigment paste B. 214. 

Portal vein. — Four units of the following mixture . 


Marco resin 26 C 

100 g. 

Monomer C 

15 g. 

Red lake powdered 


pigment M. 1 1 

0.5 g. 


O2 
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and 

Blue powdered pigment 


M. 21 0.5 g. 

or 

Blue pigment paste 
B. 266 1 g. 

and 

Red pigment paste 

B. 214 1 g. 

Catalyst H C H 4 g. 

Accelerator E 4 ml. 


These pigments give a purple colour. The exact proportions may be modified 
to produce the most cfTectivc contrast with the blue resin used to fill the 
hepatic veins. 

Hepatic veins. — Five units of the same mixture as that used to fill the 
portal veins, but coloured with cither blue powdered pigment M. 21 or blue 
pigment paste B. 266. 

At a working temperature of 20*C, these mixtures have a working life 
of approximately fifteen minutes, but this is appreciably affected by the 
powdered pigments or pigment pastes. One unit of each mixture is used 
to make a test, by the method described on page 1 1 3 , to determine the working 
life of each mixture. 

The resm injection is made with the liver immersed in water at SO^C, 
and the liver is warmed up to this temperature, either by prolonged immersion 
in warm water, or by injecting warm water into the portal vein. Before the 
injection is commenced, the wall of the gall bladder is pierced with a fairly 
large round needle to make a puncture hole through which water, displaced 
by the resin, can cscapc. 

Before the accelerator is added to the yellow pigment, about 25 ml. 
arc decanted into a beaker and placed in the refrigerator for future use. The 
injection is commenced five minutes before the resin is due to gel. All the 
resin mixtures arc allowed to flow in at the same time. The portal veins and 
hepatic veins arc filled by gravity flow alone, from a height of about eighteen 
inches, the Standard apparatus being topped up when necessary to maintain 
this head of pressure. The injection of the bile duct and hepatic artery is 
assisted by the application of pressure by means of the enema syringe (see 
Fig. 29, p. 1 15, and text, p. 116), which is applied alternately for periods of 
half a minute to each tube. 
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In the case of the vena cava, before the injection of re^n is commenced, 
die clamp attached to the rubber tubing which closes the eml of the \ena ci\3 
opposite to that from which the injection is being made ''liohtlv opened' 
to allow water in the vena cava, displaced by the resin to esutoc A- so>^n 
as resin begins to escape from this end of die vena cava, the i Umn k closed 

In view of the considerable injection pressure used to hll bc'fii bd* dtet^ 
and the hepatic artery, it is essential that all joints in the apparatus used aic 
securely tied. If a joint becomes detached during the injection of the resin, 
there is no time to reconnect it, if the injection is being properly timed. 

About half an hour after the resin has gelled, before it is really hard, 
the injection cannulae connecting die various ducts and vessels to the injection 
apparatus are cut through with a strong pair of scissors. More often than 
not, the cysdc duct is too slender to allow enough resin to flow into 
the gall bladder to fill the latter completely, before the resin gels. The 
bladder is topped up by injecting some of the yellow resin placed in 
the refrigerator, by means of a hypodermic syringe, after the addition of 
accelerator. The needle is pushed through the wall of the gall bladder, and 
resin injected undl it escapes through the escape hole previously made. The 
syringe must be emptied and cleaned before the resin in it gels, as it cannot 
be dissolved once it has set. An all-glass hypodermic syringe should be used 
in preference to a glass and metal one, as the acetone used to clean tlie syringe 
dissolves the cement witli which the metal part is cemented to the glass barrel. 
The liver is left overnight in cold water, supported by cotton wool. 

The next day, the ligatures tying the cannulae to the ducts and vessels 
are cut, and the remains of the cannulae removed from the resin casts which 
fill them. The ends of the casts of each of the ducts and vessels arc sawn 
off to a convenient length. Part of the wall of the gall bladder is dissecte 
away, and a resin rod is cemented with resin cement (see p. 104) ^ 

of the gall bladder, the portal vein and the vena cava (sec Fig. ). suita e 
rod can be made by filling a length of glass tube with resm, y ^ ° 

described on page 193. The resin rod can be bent to the ^ ^ 

immersing it in boiling water until it is heated rig t t iroug an ’ 
removal from the water, bending it, and holding tt m the bent po> 
it cools and becomes rigid. It is essential to support the cast of the “dj’ 
as the cast of the cystic duct is never adequate to support it. It ts al o necessary 
to support the casLf the hepatic veins, but *e branches “f * b Ic^du« anj 
hepatic arteries follow so closely the course of the - 

the latter supports them adequately. Owing to the delicate nature 
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casts of the bile duct and the hepatic artery, it is not advisable to prepare casts 
of these without making at the same time a cast of the portal vein to support 
them. 

The liver is left for eight days immersed in water while the resin hardens. 
The tissues are dissolved in hydrochloric acid. After forty-eight hours in 
acid, as much as possible of the macerated tissue is removed, by the method 
described on page 120. If maceration is not complete, the liver is returned to 
the acid for a further twenty-four hours. The macerated tissues arc washed 
away, and the cast is pruned, cleaned, sprayed with a Marco resin 28 C 
mixture, and mounted, by the method described in Chapter 17. When a cast 
of the hepatic veins is included in the preparation, fully macerated tissues 
cannot be removed by washing alone. They have to be dissected away. 
Figure 75 shows a photograph of a cast of the bile duct, the hepatic artery, 
the portal vein and the hepatic veins. It is mounted with the gall bladder 
uppermost, as this view is most familiar to surgeons. Compare with Figure 2 1 , 
page 68. 


3. THE KIDNEY 

Portex polythene cannulac arc tied into the renal artery and the cut end 
of the ureter. The lumen of the latter is slightly stretched by inserting the 
points of iris disseedng forceps and gently opening the ends, so that a relatively 
large cannula can be inserted, as this facilitates the injection of the resin. 
Both the pelvis and the artery arc washed out with deaerated water, and then 
the kidney is fixed for forty-eight hours in 5 per cent formalin. Before the 
resin is injected the pelvis and artery are again washed out with deaerated 
water. 

The general procedure for filling the cavities and arteries of the kidney 
is the same as for the liver. Three units of red resin, and three of yellow are 
made by adding the appropriate colours to the following mixture : 


Marco resin 26 C 100 g. 

Monomer C 20 g. 

Catalyst H C H 4 g. 

Accelerator E 4 ml. 


One unit of each resin mixture is used to make a test, by the method 
described on page 113, to determine the working life of the mixtures. 

The resin is injected by means of the Standard injection apparatus (see 
Fig. 29, p. 1 15). The injection is commenced five minutes before the resin 
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is expected to gel. The injection tubes should be filled up so that there 
is an 18 inch hid o£ pressure, and the enema syringe is only used to assist 
the flow o£ the resin i£ absolutely necessary. Great care is needed l£ the 
enema syringe is used to increase the rate of flow of resin into the ureter, as 



Fic 76 

PhotojtrJiih a cast of the ancry and ca\mc$ o£ a left kiJiicy si/.e). 

the pelvis is easily ruptured. Resin may also be forced from the extremities 
o£ the cahees into the renal veins. The wall of the pelvis is pricked during 
the injection to provide an escape hole for any water which might otherwise 
be trapped in it. If the pelvis is not completely filled by the initial injection, 
its cavity is topped up in the same way as the gall bladder (see p. 217). 

As quite small quantities of resin are required to fill the cavities and 
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artery, the success of the injection cannot be accuratel) gauged b\ ihc quantity 
of resin injected. Successful injection of the artery is indicated b\ the appear- 
ance of red resin in vessels on the surface of the kidney. When tlic pelvis i- 
filled it becomes turgid, and coloured resin escapes from the prick in its wall. 

The tissue of the kidney is destroyed by immersion in concentrated 
hydrochloric acid for twenty-four hours. Relatively little pruning is requirci:. 
but if resin has escaped from the calices into the veins, bone forceps ma\ 
have to be used to remove it. 

The cast is pruned and cleaned. Then the cast of the arteries is cemented 
to the cast of the cavities. For although the cast of the arteries is held roughly 
in position around the cast of the cavities, there is a considerable amount of 
freedom of movement between the two casts. Finally the cast is sprayed with 
a Marco resin 28 C mixture, and mounted, by the method described in 
Chapter 17, Figure 76 shows a photograph of a cast of the renal artery and 
cavities of a kidney. 


4. THE SPLEEN 

The structure of the spleen is such tliat it is impossible to wash all tlic 
blood out of the organ. Consequently a procedure somewhat difTcrent from 
that usually followed is necessary, when casts of the arteries and veins of this 
organ arc made. 

The spleen should be obtained in as fresh a condition as possible. Tlic 
arteries and veins arc flushed out with a relatively small amount of deaerated 
water, which makes the organ quite turgid, as water docs not readily dflfusc 
through the capsule, or flow from the arteries to the \cins. It Is best not to 
fix tlic spleen, as tliis may result in coagulated blood dhfuslng into tlic scsscis 
and obstructing the flow of resin. 

After the vessels have been washed out, the spleen is left in water at iO°C 
for two hours, to allow sutficient time for it to be warmed right through, 
and for sufficient water to diffuse out to make room for the resin. The 
resin is injected by the Standard injection ap|wrams (sec Fig. 29. p. 1 1 5). with 
an 18 incli head of pressure. The injection may be slightly assisted by the 
enema syringe, but cxccssisc pressure must be asoided. as this causes extemne 
impregnation of the pul,, trill, rnin. and neces.ilale. di.wrtion of the 
macerated li«uc to rcmo.e it from ihc east of the sesve/s. The ume resm 
mixture as that used to fill the casitics and artencs of liie Indncy. jp,,ropnatcly 
coloured, is suitable fur injecting into the spleen. 



PART IV 


THE DIFFERENTIAL STAINING AND MOUNTINC 
OF HUMAN BRAIN SLICES 



Chapter 2^ 

THE PREPARATION OF THE STAINED SLICES 
1. INTRODUCTION 


S INCE the publication in 1931 of Mulligan’s tecliniquc for inhibiting tiie 
staining of the white matter in brain slices while the grey matter is 
being stained, by soaking them beforehand in a hot phenol solution, 
this procedure has formed the basis of all techniques for diilcrcntiai staining 
of the grey matter. 

Mulligan used ferric tannate to stain the grey matter, but other workers 
Have found that the results obtained with this stain are not consistent. 
Kampeicr and Hospodar (1951) found that, of over 100 stains tested, by far 
the most consistent results were obtained with Berlin blue. 

Although a number of papers have been published on this subject, none 
of the techniques recommended are entirely satisfactory. The met lo 
described below is not original. But as a result of modifications of liic 
details of procedure recommended by various writers for the .tation o 
the brain, and for cutting, staining and mounting of the slices, consistent y 
first<lass results can be obtained. 


2. MATERIALS AND METflOD 

Brains icmovcd at post mortem arc fixed for two weeks in 10 jKr c 
formalin, by the method described on page 6-1. Then the bram ^ 
tap water, and the blood vessels which lie in the su 
plctely as possible williout serious damage to the brain, ) tearing 
with dissecting forceps. Next, with the brain submerged 
strong jet of cold lap w-atcr is directed into ail the htolca 

wasli out as much as possible of the blood pigment rema _ 

‘■‘nds of the blood \csscls. This step is imi»orunt. as h I ^ 
discolours the adjacent grey matter, but also mhi us ic 

the grey matter with Bcdin blue. After this treatment the brain 1 

m clean 10 per cent formalin for a further ccfcbral 

Before the brain is sliced, gelatine solution is run into the great 

225 


226 ANATOMICAL TECHNIQUES 

fissure, between the hemispheres and the cerebellum, and into all sulci, allowed 
to set, and hardened by replacing the brain in formalin for a week. This 
treatment prevents fragmentation of some of the slices when the brain is sliced. 

A gelatine solution suitable for this work is prepared by dissolving 20 g. 
powdered gelatine in 100 ml. water. It is applied in the following way. 
The brain is placed overnight in cold running water to remove formalin 
from its surface. It is then removed, and water clinging to its surface shaken 
off. Gelatine solution, only about two degrees Centigrade above its setdng 
temperature of approximately 28 ‘‘C, is run by means of a pipette to which 
a rubber teat is attached, into the fissures and sulci of one side. If the gelatine 
is used at the correct temperature, and provided that this work is not attempted 
when the room temperature is more than 22“C, the gelatine sets in the fissures 
and on the surface of the brain. When one side of the brain has been treated 
in this way, a jet of steam, provided by the apparatus shown in Figure 12 
(,p. 46), is directed on the geladned surface of the brain just long enough to 
melt the geladne on the surface, so that it flows down into the crevices. When 
the geladne applied to one side has set, the next side is treated in the same way. 

Two simple pieces of apparatus which can be easily constructed in the 
laboratory are recommended for slicing the brain. The first is shown in 
Figure 77 and consists of a Perspex base to wJiich two arch-shaped Perspex 
knife-guides have been cemented. The guides are fixed just far enough 
apart to allow the knife used to slice the brain to slide easily down between 
them. A piece of cork sheet is placed on the Perspex base to protect the blade 
of the knife from damage. 

This apparatus is used only to bisect the brain in whatever plane e.g. 
coronal, sagittal or transverse, it is intended to cut tlic slices. Two people arc 
ncccJeci to cut the brain in half.' One holds it in exaedy die desired position, 
while the other slices it through with a 15 inch ham knife which has been 
very carefully sharpened on a hone until it is nearly as sharp as a razor. The 
knife blade must be entirely free from grease or oil, as this impairs the 
subsequent staining of the slices, and after each slice has been cut, the edge 
of the knife is carefully wiped to remove particles of conneedve tissue whicli 
gel wrapped around it and which, if not removed, would scratch tlic surface 
of the next slice. The knife must be drawn through the brain witli a continuous 
movement, to obtain slices with smooth surfaces. 

Figure 78 shows the apparatus with which the slices arc cut. It consists 
of a Perspex base surrounded by Perspex of the same thickness as the thickness 
of the slices. The triangular piece of Perspex guides the knife handle whicli 
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is modified to fit against it securely, so that the blade is drawn across the brain 
as wcU as through it. If it is desired to cut slices thinner than those for which 
this apparatus was designed, a sheet of Perspex of appropriate thickness is 
placed in position so that the brain is raised up from the base of the apparatus. 
When this apparatus is used, it is first clamped securely to the bench. One 
person holds the brain firmly down on the Perspex, and against a curved 
piece of Perspex which prevents the brain from sliding, while the other uses 
the knife. Some practice is necessary to get really good slices, owing to a 
tendency for tlic brain to rise up from the Perspex base while a slice is being 
cut. This is due chiefly to lack of confidence on the part of the person 
holding the brain down in the person wielding the knife. It is recommended 
that the slices should normally be 1 cm. thick, as this is a convenient thickness 
for easy handling. However, no special difficulty is encountered if the slices 
arc cut 0.5 cm. thick. 

Immediately after the slices Iiavc been cut they arc washed in running 
water for an hour to remove blood oozing out of the cut ends of blood vessels. 
Remains of blood vessels arc carefully pulled away from each slice while it is 
immersed in water. The slices arc then placed in 10 per cent formalin for 
at least forty-eight liours before the staining is done. If the brain is in a 
satisfactory condition, whicli will |>crmit firsl-cl.iss dilTcrcntial staining, tlte 
grey matter of the slices is a very pale pinkisi) brown colour. If it is a rusty 
yellow, it has been stained by iron salts from the blood and docs not lake the 
slain well. 

During the staining process the slices arc handled with suitably shajicd 
lifters made of Perspex. As the stain is a surface one, the slices must be 
handled gently but, to ensure that both surfaces arc equally stained, they 
must be moved about in the fluids during the staining process, to ensure equal 
access of the reagents to both sides. Pyrex pie dislics arc suitable for holding 
the various fluids, and 1 litre of each reagent is suflicicni to st,iin .i whole 
brain cut into slices 1 cm. thick. 

The slices arc stained in llic following way : 

1. Slices arc washed in running cold water for one hour. 

2. E.ich slice is immersed for fiic minutes In .i wdutioti m.idc up by 
disxdving 50 g. phenol crystals and 5 g. cop|Kr sulphate crystals in KHK) ml. 
distilled water, and adding 1.25 ml. concentrated hydrochloric acid. This 
solution is maintained at 60°C, by placing ihc dish on a hoi plate. The dish 
is coNcred with a piece of glass lu reduce cvajicjraiion of its contents. 
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3. The slice is immersed in iced water for ten seconds. If the slice is 
washed for longer than this, subsequent differentiation is less striking. 

4. The slice is immersed in freshly prepared 2 per cent ferric chloride 
solution, made up in distilled water, for a period of between forty-five seconds 
and one minute, according to the intensity of the staining required. If thc 
slice is stained for longer in this solution, the white matter begins to absorb 
the stain as well as the grey. As the grey matter absorbs the ferric chloride, 
it turns light brown. 

5. The slice is washed in gendy running cold water for one minute. 
More prolonged washing or washing in rapidly flowing water removes so 
much of the ferric chloride solution from the grey matter, that in the ne.xt 
stage of the staining a pale blue instead of a dark colour is produced. 

6. The slice is immersed in freshly prepared 1 per cent potassium 
ferrocyanide solution, made up in distilled water, for four minutes. Tin's 
converts the ferric chloride retained by the grey matter into ferric ferrocyanide 
or Berlin blue. More prolonged immersion in this solution docs not produce 
a darker blue, as in four minutes all the ferric chloride is converted into Berlin 
blue. However, the blue colour is at first comparatively milky in tone, and con- 
tinues to darken for some time after the slice has been removed from tlic 


potassium ferrocyanide solution. Therefore if a series of slices arc being 
stained, and all arc required to be stained to the same degree, the time during 
which the slices remain in the ferric chloride must not be increased just because 
it is observed that slices stained very recently arc a lighter shade of blue than 
those stained half an hour previously. Consistent results arc obtained by 
treating each slice in exactly the same way. 

7. The slice is placed overnight in running cold water. Each slice is 
then supported on a sheet of Perspex held under water, while each side in 
turn is washed with a fairly strong jet of cold water from the tap. This 
treatment removes a slimy film, originally produced by the hot phenol 


solution, from the surface of tlic white matter. 

The slices are stored for at least a month in about five litres of a solution 
prepared by mixing 75 ml. distilled water, 25 ml. pure glycerine. 10 ml. 
formalin and 0.2 g. citric acid crystals. The slices must be protected from 
bright light, as this causes the blue slain to fade. The soluuon must be 
slightly acid to prevent hydrolysis of the slain, which causes it to turn green. 
Fading is an irreversible rcacrion. but hydrolysis can be Tc^cncil b) p lacing 
tl,c slices in a weak aeicl solunen. The slices should be left ,n .he solm.on 
recommended above for at least a month before they arc mounted, as they 


Pi 
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turn the fluid slightly milky. Provided that they are adequately protected 
from light, they can be stored in this solution indefinitely. But care 
must be taken not to add more than the recommended amount of citric acid, 
as otherwise the white matter absorbs the acid sufficiently to be stained 



Fig. 79 

l’hu(tij;rapli of a ditTcrcntiall)’ uamcJ brain slice (natural si/c). 

yellow. Although tlic gelatine which holds the various parts of individual 
slices logeiiicr is also stained dark blue, this docs not impair the value of the 
specimens, or seriously spoil their aesthetic appearance. Hut on no account 
must the mounting solution be acidified with hydrochloric acid instead of the 
citric acid recommended, as hydrochloric acid, even in very dilute solution, 
destroys the gelatine. Figure 79 shows a typical brain slice stained by the 
method described above. 
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Chapter zj 

MOUNTING AND DISPLAY 

E ach sUce is sewn to a rectangular sheet of 1/16 inch Perspex by means 
of No. 0. Chinese twist. A small circular piece of celluloid, punched 
.out of an old film, is incorporated in each stitch on the side of the 
slice furthest from the Perspex sheet, to prevent the silk twist from cutting 
into the brain. About eight stitches arc required to fix a coronal slice 
securely. The stitches must be tight enough to prevent the slice from rubbing 
against the sheet of Perspex to which it is sewn, as vibration would in time 
result in the blue surface stain being rubbed off. The tension of each stitch 
should be such that die celluloid disc just begins to sink below the general 
level of the surface of tiie slice. 



Fic. So 

Photograph of one of the Perspex 
containers in which differtsitully 
stained brain slices arc mounted. 

The sheets of Perspex to which the slices arc fixed arc mounted in fluid 
in rectangular boxes. Figure 80 shows one of the boxes, and Figure 81 
indicates the details of the actual mounting, ft is essential that the width of 
the box is such that the surface of the slice cannot rub against the Pcrsjxrx. The 
method of constructing Perspex containers is given in Chapter 8. 
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Itijjtrani (<i Utow the ilctJilt o( iiiounnitg a hrJii) 
Uue in a itmiaiiirr. Ihc It 

uhuh the %luc It litcil i«» the IVrij-et ilica arc 
nx Uuivtii. 


‘Die nicthcMi of sticking on ihc liil jni! scaling of Pcrs[x;x containers 
ts gocn in Ciuptcr 9. In itic case of containers for brain slices two inoilifi' 
cations ate ncccsur). 'Hie sides of tlic container must be cosered witli black 
|u|<r. and black )u|vr stuck over tbc lid. so that the mercury arc lamp used 
to |Kilvmcrisc the cctncm can only fall on tbc actual joint, as otherwise mine 
fading die blue stain KCurs. When the lid has been cemented on, the 
mounting ituid is cmjticd out of the container, which is then filled exactly 
9/1(1 foil of a s*»hituin made by mixing 7*5 ml. distillcti water with 25 ml. 
pure gl)ccrinc. Tiic c«>ntamcr is then plavcd in a vacuum thaml>er (the 
details iif a suiialiU 'hajvd vacuum clumlicr comtructed of I'crspcx arc shown 
in Hi 'urc S2). and cvaciutcil. 'I’hc vacuum chamber iv rtAikci) and tilted to 
dislotl’C air trapi<d around the slice, and tlicn the pressure is restored to 
normal. The sa.iuim treatment is rcjicatcil otuc. Anv mull -ir hublslci 
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Dlacram of a vacuum dwmUr mj<lc of 'f 

accommodate cmtaiiKfj uud for .noumm;; l>ram >. lcs. 
N'ote tlic I’erjixix uuck to tl»c tinder surface of the nil l<» 
IwcUni the ttilli of ilic chaiiikr coIbi>stii« umitr tacuimi. 


remaining soon disappear, tl.c air being dissolved in the deaerated tnounting 

‘'““'■The box is next top,«d witl. filtered formalin eontalning 2 1« 

arid, until it is completely full. It is sealed by "if ‘ ~ ’ 

page 61. This procedure results in the tnount.ng llu.d tong o t le 

devoid of air bubbles. If subsequently air bubb es ^I’l''-' ' 

one of the joints of the container is defect.se. and the only sansfaCory remedy 

rri;!: :;!:ir;Lr cx,.sed .o i^^ 

.0 store the specimens in a li^-pr^ *;;:;slX sefor^mnted 
method of storage is provided by a svood 1 

brain slices fit in ventrical slots, as fl™" ^‘"“^Vcomainers. and it is aim 
hned svith velveteen to aso.d «ra.^. g I j 
advjwblc to Itnc tlic floor of the oo< 
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Fic. 83 

WoihIcr Mufj^c box for a set of coronal i)rain slices. The 
slots arc ItiiCil tvitli scivciccit to present the Ftrspex 
t>ein}t scratclicil, and the floor is lined with foam rubber 
sheeting to reduce jolts when the siKcintens are replaced. 

10 r. minimum tlic siiock when specimens arc replaced. If stored under normal 
conditions, the slices remain serviceable for at least ten years. When it is 
necessary to replace them the same Perspex containers and storage box can 
be used again. 


Appendix 

Proprietary materials referred to m the tc\i. 
with addresses of manufacturers. 


Accelerator E . . . .tee under Marco Resin. 


Allen & Hanburys Ltd. 

Aluminium wire 

Arc Lamps . . . . • 

Aural syringe and Allen’s metal pipe 
(for applying Tensol Cement 
No. 3)' 

Barrier Cream . . . • 

Bostic adhesive No, 252 
Boston Neoprene latex and colour 
dispersions 

Brushing Belco . . . • 

Carbon Pencils .... 


48 Wigmorc Street, London, W.i. 

P. Ormiston & Stjns Ltd., 31a Denmark 
Road, London, \V.13. 
see under Mercury. 

Down Bros. & M.i)cr 5 v Phclj)s. 32 New 
Cavendish Street, London, W.i. 

see under Innosn. 

B.B. Chemical Co. Lid., Leicester. England. 
B.B. Chcmic.il Co. Ltd., Leicester. Engkind. 

see under Na)lor's. 

E. Wollf & Son, Britannia Pencil Works, 
Ncasdon, London, N.W.io. 


Catalyst H C H . 

Chinagraph pencils 
(for writing on glass 
and Perspex) 

Collapsible lead tubes 
(available in boxes 
of 36 or more) 

Colour dispersions 

Crjstic pigment pastes .and powdered 
pigments 

Crutic resin 182 . 

Demruset modelling plaster . 


see under Marco Resin. 

E. WoliT & Son, Britannia Pencil Works. 
Nc.isdon. London, N.W.io. 

FIcmIc Mewl Co. U>l., ■;')(> Hollo"-*! «*>-*■'• 
London, N.iy. 


see under Boston. 
see under Marco Resin. 


tee under .Marco Resin. 


1 lomacol liquid toilet so.ip 


I lefts., England. 

235 



APPENDIX 


Polyvin)! alcohol . . . , ice under Mowiol 

Portex poKthcnc tubing (with lx)rc Portland Plastics Ltd., Hassctc House, bbthr. 
from 0.5 mm. to 7.5 mm.) and Kent, 

Portex \in)l VY standard tubing 
(for larger sizes) 


Sable water-colour brushes 
(Series 7) 

Speera binocular magnif\ing 
spectacles 

Syringe . . . . . 

Tcnsol cement . . . . 

Wax (modelling) 

Whatman’s holpressed water-colour 
drawing board 


Windsor Newton Ltd., R.uhlx>nt i’I.icc. 
London, W.i. 

\V. Watson Sons Ltd., 315 1 /igh llollyorn. 
London. W.C.i. 

see under Aural. 
see under Pcrsjw. 
see under Number 

Windsor & Newton Ltd PI.icc. 

London, W. i. 
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Polyvinyl alcohol . . . .iff under iNlowiol 


Portex pol)thcne tubing (with bore Portland Plastius I rJ I 
from 0.5 mm. to 7.5 mm.) and Kent. 

Portex \in)I VY standard tubing 
(for larger sizes) 


Sable water-colour brushes 
(Scries 7) 

Speera binocular magnifying 
spectacles 

Syringe . . . . . 

Tensol cement . . . . 

Wax (modelling) 

Whatman’s hotpressed water-colour 
drawing board 


Windsor ^ Ne« 1 n 1 
London, W.i. 

W. Watson cc Sons L' 1 
London, W.C.i. 

Iff under Aural. 

Iff under Perspex. 
see under Number ^ 

Windsor Newton I i 
London, W.i. 


M iiahe. 

i VIkc, 

. I I 'i Holixjrn. 

.1 . KjtlilK)ntf Pl.tcc. 
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Innoxa Barrier cream B.W.2. . 
(marketed overseas under the 
trade name Kerodex [in France 
Isolex] ). 

Kaffir D Plaster . 

Magnifying spectacles 
Manoxol O.T. '2.0'^/^ solution . 


Mandarin waterproof black carbon 
drawing ink 


Sdendfic Pharmacals Ltd., i Eden Street, 
Liondon, N.W.i. 


Cafferata &: Co., Newark, Notts., England. 
see under Speera. 

Hardman & Holden Ltd., Manox House, 
Canal Str^t, Miles Platting, Manchester, 10, 
England. 

Windsor & Newton Ltd., Rathbone Place, 
London, W.i. 


Marco Resin, 26 C & 28 C . . Scott Bader & Co. Ltd., 109 Kingsway, 

Accelerator E London^ W.C.2. 

Catalyst H C H 
Crystic pigment pastes and 
powdered pigments. 

Crystic resin 182 
Monomer C 


Mercury arc lamps GES MA/H General Electric Co. Ltd., Kingsway, 
clear 400 watt and GES lamp London, W.C.2. 
holders and chokes, (for poly- 
merising Tcnsol cement No. 3.) 

Monomer C . ... see under Marco Resin. 


Mowiol 50-88 .... Lawfer Chemical Co. Ltd., 27 Regent Street, 

London, S.W.i. 

Navlor’s Brushing Bcico (available m ImyKrial Chemical Industries Ltd., Paints 
pint tins) Division, London, W.i. 

Number 4 toughened wax . • Dental Manufacturing Co. Ltd., Brock 

House, 97 Great Portland Street, London, 
W.I. 


Paragon scalpels, handles and blades 

Perspex . . 

Perspex No. 3 (anustatic) polish 
Tensol cement No. 3. 

Tensol cement No. 6. 

Philips blended lamps . 

Plaster • • • ■ ' 

Plasticine . • ■ ' * 

Polish • • ' ■ * 


Paragon Razor Co., Sheffield, England. 

Imperial Chemical Industries Ltd., Plastics 
Division, Welwyn Garden City, Herts, 
England. 

Philips Electrical Ltd., Century House, 
Shaftesbury A%cnuc, London, W.C.2. 

see under Dentruset and Kaffir D. 

Harbutt’s Plasticine Works £: Studio, Bath- 
.nmpton, Bath, Engkind. 
see under Pers/KX. 
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Polyvinyl alcohol . . . .see under Mown >1 

Portex pol)thcne tubing (with bore Portland Plasln.s LiJ . II 
from 0.5 mm. to 7.5 mm.) and Kent. 

Portex vinyl VY standard tubing 
(for larger sizes) 


Sable water-colour brushes 
(Scries 7) 

Speera binocular magnifying 
spectacles 

Syringe 

Tcnsol cement . . . . 

Wax (modelling) 

Whatman’s hotpressed water-colour 
drawing board 


Windsor Ncvvii n i 
London, W.i. 

W. Watson & Sons Li'i 
London, W.C.r. 

see under Aural. 

>ee under Perspex. 
see under Number ^ 

Windsor 5c Newton Li< 
London, W.i. 


i I'H " ‘ ' I iuhe, 

I a P].u<.. 

I ’i HollKjrn. 

I . K.iihijonc PI.1CC. 
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AccelerJtor E, 97, 236 

Acitl hydrochloric, corrosion of tissues by, 118 
effect on pigments of, 103, 119 
Anatomical illustration, 77 
Apparatus for, deaerating ffiiid, 70 
hltcrmg mounting fluid, 59 
generating steam, 48 

iniecting, bronchial arteries svith resin, 150 
bronchial tree with resin, 139 
LjMties of heart s\iih resin, 155 
cerebral ventricles with resin, 179 
negative moulds with resin, 172 
fixative into part of body, 6 
fixative into whole body, 10 
latex generally, 22 
resin generally, 1 1 5 
slicing bram, 22b 
Arteries, branchial, cast of, 148 
cleaning of, 43 
coronary, cast of. 158 
injection of, generally, 18 
with gclaitnc, 30 
latex, 22 
resin, 109 

Aural syringe, 51, 335 

Harrier cream, 8, 119. 23d 
Uisioury, to 

Khidder, fixation and mounting of, 64 
Itlorks, resin, (lolynierisatton of, loi, 127, 192 
snvixitliing and [Kihshtng of, 105 
lUmc, cutting, 40 
cleaning, 42 

boston colour disncrsions, iti, 235 
brain, apparatus tor slicing, 226 
differential staining of slices, 22R 
fixation and mounting of, 64 
mounting slices of, 231 
bronchial aricries, cast of, 14H 
tree, cast of, 133 

Cannulac. jxiiythcnc, 6, 109 
C.v\ts, cleaning of, 121 

from !»hx)d vessels and ducts, 109 
brain, 174 
heart, 153 
kidney, 218 
hvcr, 214 
lungs, 133 

negative moulds, ti(>, ijo 
spleen, 221 
temporal bone, 199 
mounting of, 122, 124 
spraying with resin, 123 
vvashing macerated tissue from, 119 


Catalyst H C H, 97 
Cclloidm, 94 
Celluloid, 94 

Cement, based on Marco resin, 26 C, 104 
28 C, jgo 

Tensol, No 3, 50, 237 
No. 6, 62, 237 

CerAral ventricles, casts of, 174, 176 
hollow model of, 1 07 
solid model of, 174, 185 
X ray of cast of, 183 
Chinagraph pencil, 58, 235 
Cleaning of dissections, 40 
Cleaning resm from hands and apparatus, 107 
Collapsible lead tubes, 51, 235 
Coloured injection masses, 12 
resin, effect of .icid on, 103, 

Colouring of resin mixtures, t02 
Containers, for casting resin blocks in, 129, 192 
Perspex, construction of, 49 
scaling of, 60 

Coronary arteries, cast of, 158 
Girrosion casting, 93 
of tissues m acid. 118 
Crystic pigment pastes and powders, loa 
resin, No 182, 102, 127, 171, 235 

Deaeration of lungs, 70 
' Dentriiset plaster, t35, 207, 235 
l>c ViUmss No 15 spray, 123 
I Dissecting instruments, 2(5 
Dissection of resin impregnated tissue from casts, 
120 

illustration of, 77 
mounting of, 58 
planning a. 31 
leclmiquc of, 34 

Kmlwddtng $[x:cimcns in resin, 127 
Enema syringe, use for injection, (5, 21, iiG 

FiliratUin of mounting fliml, ^9 

Fixation of material, iH-fort injeaion with resin, 

III 

for divseciion, f», 31 
and mourning of viscera, 63 
Formalin, 7, 8, 198 
effect on gelatine, 20 
Funnels, polythene, 1 1 8 

sintered glass, cleaning of, fio 

Gelatine, coaling dissection with, 4C 
for filling lungs. 71 
injection mass, 20 
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Glycerine, as plasticiser, ijo 
as separating medium, i8S 
in fixatise, 7, 9 
in mounting fluid, 59, 212 

Illustration of dissections, 77 
Impaling as a method of mounting, 65 
Inhibition of setting of resin, 101, 112 
Injection,, (if arteries and seins generally, 18 
Injection masses, gelatine, 20 
latex, 22 
resin, 109 
wax, 12 

Joints, dissection of, 39 

Kaffir D plaster, 165, 236 
Kidney, casts from, 218 

fixation and mounting of, Cp 

Latex injection mass, 22, 335 
Ligaments, dissection of, 39 
Lixer, casts from, 314 
fixation and mounting of, 66 
Lungs, casts from, 133 
fixation and mounting of, 69 
Lymphatics, injection or, 14 

Manoxol 0 7 *., 166, 170, 19R, 200, 236 
Marco resin. See under Resin 
Mercury arc lamps, 54. 236 
injection of lymphatics with, 14 
rotting solder with, 131 
Modelling in wax, 162 
Model, of cerebral sentriclcs, hollow, 187 
of cerebral xcntricies, solid, 185 
of ossicles of car, 162 
Monomer C, 97 

Moulds negative, casts from, 126 
construction of, 165 
Mounting fluid, 59 
Mounting of, bladder, 64 
brain, 64 
dissections, 58 
heart, 63 
kidney, 69 
liver, 66 
lungs, 69 

resin casts, 122, 124 
Mowiol 5088, 170, 191, 236 
Muscles, cleaning of, 40 
of face, dissection of, 41 

Naylor’s Brushing Belco, 144, 226 
Needles, adjustable handle for holding, 42 
Negative moulds, casts from, 126, 170 
construction of, 165 
Neoprene latex, 22, 235 
Nerves, cleaning of, 43 


Ossicles of ear, model of, 162 

Paragon scalpels, 26, 236 
Perspex, construction of containers with, 49 
containers, scaling of, 60 
crazing by monomer, 50 
polish (antistatic), 62 
rod, cutting with hot knife, 62 
tray for lungs, 135 
Phenol, 7, 8, n, 228 
Pigments for colouring gcLtme, 20 
resm, J02 

Plaster, Dentruset, 135, 207, 235 
impregnation with resin, 135 
mixing of. 167, 207 
Kaffir D, 165, 236 
Plasticiser for resin, 102, 127, 171 
Polishing of resjn, J05 
Polish, PersjKX, (antistatic), 62 
Polyvinyl alcohol, 170, 191, 237 
Portex flexible tubing, 6, (>9, 109 
Pruning of casts, 120 
Pulmonary vessels, casts of, 146 

Resin, blocks, smoothing .'ind polishing, 105 
casts, cleaning, 121 
mounting, 122, 124 

cement, based on Marco resin 26 C, 104 
28 C, 196 

Crystic, No 182, r02, 127, 171 
effect of sunlight on, 106 
filing, sawing, grinding, polishing, 103, 105 
inhi&tion of setting 0^ 101, 112 
•injecieci material, corrosion m acid of, 118 
injections, timing of, iia 
Marco, ordering and transport of, 107 
26 C, properties of, jot 
28 C, properties of, 105 

mixture for impregnation of plaster, 135 
polymerisation in carbon cJiovide, 124 
used as a spray, 123 

mixtures, apparatus for injecting generally, 114 
calculation of working life, 99 
colouring, 102 

determining working life of, 113 
effect of temperature on working life of, 98 
water on working life of, 99 
for filling bronchial arteries, 149 
bronchial tree, 139, 145 
cavities and arteries of kidney, 218 
cavities and vessels of heart, 156 
cavities of temporal bone, 202 
cerebral ventricles, 179, 184 
coronary arteries, 159 
negative moulds, 127 
vessels and ducts of liver, 215 
general liehaviour of, 97 
making injections with, 112 
maturing of, 101 
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Resin mixtures, preparation of, 97, io6 
spcatiL gravity of, 102 
MSLOMty of, I !2 
polishing, 105 

rcmoxal from rubber glo\cs, 179 
from rubber tubing, 107 
of tacky surface of, loi 
resistance to common reagents, 102 
roils, bending of, 103 
shelf life of, 106 


Scalpels, ^(\ 

Scissors, 2(> 

Sintered glass funnels, cleaning of, 60 
Scraper board, 79 

Smith s intestine clamp forceps, (see fig 6, p 2j) 
SptcifiL gravity ot resin, 102 
Spirit, 7, K 

Spray, dc Vilbiss No 15, 123 
Standard injection apparatus, 115 
Steam, apparatus for generating, 48 
Stomach and gut, fixation and mounting of, 64 
Sunlight, effect on re'in, monomer and acceler- 
ator, 106 

Synthetic resin Sec tinder resm 

Svrmge for applying Tensol No 3 cement, 51 

Yacky surface of resin, pretention of, 124 
remov.nl of, ini 

Temiviral hone, casts from, 199 
Ttnilons, cleaning of, 42 


Tensol No. 3 cement, 50, 237 
No 6 cement, 62, 237 
Thymol, for pre'ierving gelatine, 20, 71 
Tfjy, Pers{«x, for lungs, 135 
Tudor Eduard’s rib raspatory, 30 
Turntables, construction of, 57 

Veins, cleaning, 42 
injection of, 13, rp 
with gelatine, 20 
latex, 22 
resin, 109 

Ventricles, cerebral, casts of, 174, 176 
hollow model of, 187 
solid model of, 174, 185 
X ray of cast of, 183 
Ventriculogram of brain, 176 
Vermilion, 20, 103 
Vinylite, 95 

Viscera, fixation and mounting of, 63 
Viscosity of resin mixtures, it2 

Wallis dental dressing forceps, 29 
Washing macerated tissue from casts, 119 
out vessels and ducts, ut 
Wetting agent, t6Ci, 170, 198, 200 
Working life of resin mixtures, calculation of, 99 
definition of, 97 
determining, 113 
effea of pigments on, 103 
water on, 99 

for filling vessels and ducts, ri2 
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